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Example of Salinospora Colonies 
-First marinactionomycete genus described 
-Restricted in depth to >ca. 25 meters 
-Obligate Na"*" requirement 
-Unique spore morphology 
-Novel pigmentation 
-Unique 16S rDNA sequence 
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METHODS OF USING [3.2.0] HETEROCYCLIC 
COMPOUNDS AND ANALOGS THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119(e) to U.S. Provisional AppUcation No. 60/480,270, filed 
on Jun. 20, 2003, entitled USE OF SALINOSPORAMIDE 
ATO TREAT LeTx INTOXICATION AND B. ANIHRACIS 
INFECTION, and to U.S. Provisional Application No. 
60/566,952, filed on Apr. 30, 2004, entitled METHODS OF 
USING (3.2.0) HETEROCYCLIC COMPOUNDS AND 
ANALOGS THEREOF; the disclosures of both of which are 
incorporated herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to certain compounds 
and to methods for the preparation and the use of certain 
compounds in the fields of chemistry and medicine. 
Embodiments of the invention disclosed herein relate to 
methods of using heterocyclic compounds. In some embodi- 
ments, the compounds are used as proteasome inhibitors. In 
other embodiments, the compounds are used to treat inflam- 
mation, cancer, and infectious diseases. 

[0004] 2. Description of the Related Art 

[0005] Cancer is a leading cause of death in the United 
States. Despite significant efforts to find new approaches for 
treating cancer, the primary treatment options remain sur- 
gery, chemotherapy and radiation therapy, either alone or in 
combiiialion. Surgery and radiation therapy, however, are 
generally useful only for fairly defined types of cancer, and 
are of limited use for treating patients with disseminated 
disease. Chemotherapy is the method that is generally useful 
in treating patients with metastatic cancer or diffuse cancers 
such as leukemias. Although chemotherapy can provide a 
therapeutic benefit, it often fails to result in cure of the 
disease due to the patient's cancer cells becoming resistant 
to the chemotherapeutic agent. Due, in part, to the likelihood 
of cancer cells becoming resistant to a chemotherapeutic 
agent, such agents are commonly used in combination to 
treat patients. 

[0006] Similarly, infectious diseases caused, for example, 
by bacteria, fungi and protozoa are becoming increasingly 
difScult to treat and cure. For example, more and more 
bacteria, fungi and protozoa are developing resistance to 
current antibiotics and chemotherapeutic agents. Examples 
of such microbes include Bacillus, Leishmania, Plasmodium 
and Trypanosoma. 

[0007] furthermore, a growing number of diseases and 
medical conditions are classified as inflammatory diseases. 
Such diseases include conditions such as asthma to cardio- 
vascular diseases. These diseases continue to affect larger 
and larger numbers of people worldwide despite new thera- 
pies and medical advances. 

[0008] Therefore, a need exists for additional chemothera- 
peutics, anti-microbial agents, and anti-inflammatory agents 
to treat cancer, inflammatory diseases and infectious disease. 
A continuing effort is being made by individual investiga- 



tors, academia and companies to identify new, potentially 
useful chemotherapeutic and anti-microbial agents. 
[0009] Marine-derived natural products are a rich source 
of potential new anti-cancer agents and anti-microbial 
agents. The oceans are massively complex and house a 
diverse assemblage of microbes that occur in environments 
of extreme variations in pressure, salinity, and temperature. 
Marine microorganisms have therefore developed unique 
metabolic and physiological capabilities that not only ensure 
stu-vival in extreme and varied habitats, but also offer the 
potential to produce metabolites that would not be observed 
from terrestrial microorganisms (Okami, Y. 1993 / Mar 
Biotechnol 1:59). Representative structural classes of such 
metabolites include terpenes, peptides, polyketides, and 
compounds with mixed biosynthetic origins. Many of these 
molecules have demonstrable anti-tumor, anti-bacterial, 
anti-fungal, anti-inflammatory or immunosuppressive 
activities (Bull, A. T. et al. 2000 Microbiol Mol Biol Rev 
64:573; Cragg, G. M. & D. J. Newman 2002 Trends Phar- 
macol Sci 23:404; Kerr, R. G. & S. S. Kerr 1999 Exp Opin 
Ther Patents 9:1207; Moore, B. S 1999 Nat Prod Rep 
16:653; Faulkner, D. J. 2001 Nat Prod Rep 18:1; Mayer, A. 
M. & V. K. Lehmann 2001 Anticancer Res 21:2489), vali- 
dating the utflity of this source for isolating invaluable 
therapeutic agents. Further, the isolation of novel anti-cancer 
and anti-microbial agents that represent alternative mecha- 
nistic classes to those currently on the market will help to 
address resistance concerns, including any mechanism- 
based resistance that may have been engineered into patho- 
gens for bioterrorism purposes. 

SUMMARY OF THE INVENTION 
[0010] The embodiments disclosed herein generally relate 
to chemical compounds, including heterocyclic compounds 
and analogs thereof. Some embodiments are directed to the 
use of compounds as proteasome inhibitors. 
[0011] In other embodiments, the compounds are used to 
treat neoplastic diseases, for example, to inhibit the growth 
of tumors, cancers and other neoplastic tissues. The methods 
of treatment disclosed herein may be employed with any 
patient suspected of carrying tumorous growths, cancers, or 
other neoplastic growths, either benign or malignant 
("tumor" or "tumors" as used herein encompasses tumors, 
cancers, disseminated neoplastic cells and localized neoplas- 
tic growths). Examples of such growths include but are not 
limited to breast cancers; osteosarcomas, angiosarcomas, 
fibrosarcomas and other sarcomas; leukemias; sinus tumors; 
ovarian, uretal. bladder, prostate and other genitourinary 
cancers; colon, esophageal and stomach cancers and other 
gastrointestinal cancers; lung cancers; lymphomas; myelo- 
mas; pancreatic cancers; liver cancers; kidney cancers; 
endocrine cancers; skin cancers; melanomas; angiomas; and 
brain or central nervous system (CNS) cancers. In general, 
the tumor or growth to be treated may be any tumor or 
cancer, primary or secondary. Certain embodiments relate to 
methods of treating neoplastic diseases in animals. The 
method can include, for example, administering an effective 
amount of a compound to a patient in need thereof. Other 
embodiments relate to the use of compounds in the manu- 
facture of a pharmaceutical or medicament for the treatment 
of a neoplastic disease. The compounds can be administered 
in combination with a chemotherapeutic agent. 
[0012] In still other embodiments, the compounds are used 
to treat inflammatory conditions. Certain embodiments 
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relate to methods of treating inflammatory conditions in 
animals. The method can include, for example, administer- 
ing an eft'ective amount of a compound to a patient in need 
thereof. Other embodiments relate to the use of compounds 
in the manufacture of a pharmaceutical or medicament for 
the treatment of inflammation. 

[0013] In certain embodiments, the compounds are used to 
treat infectious diseases. The infectious agent can be a 
microbe, for example, bacteria, fungi, protozoans, and 
microscopic algae, or viruses. Further, the infectious agent 
can be B. anthracis (anthrax). In some embodiments the 
infectious agent is a parasite. For example, the infectious 
agent can be Plasmodium^ Leishmania, and Tiypanosoma . 
Certain embodiments relate to methods of treating infectious 
agents in animals. The method can include, for example, 
administering an effective amount of a compound to a 
patient in need thereof. Other embodiments relate to the use 
of compounds in the manufacture of a pharmaceutical or 
medicament for the treatment of infectious agents. 
[0014] Some embodiments relate to uses of a compound 
having the structure of Formula I, and pharmaceuticaUy 
acceptable salts and pro-drug esters thereof: 

Fonnula I 




[0015] wherein the dashed lines represent a single or a 
double bond, wherein Rl may be separately selected from 
the group consisting of a hydrogen, a halogen, mono- 
substituted, poly-substituted or unsubstituted variants of the 
following residues: saturated C^-C^^ alkyl, unsaturated 
C -C24 alkenyl or C^-C^ alkynyl, acyl, acyloxy, alkyloxy- 
carbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, 
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, 
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboy- 
loxy, nitro, azido, phenyl, cycloalkylacyl, hydroxy, alky- 
Ithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated 
alkyl including polyhalogenated alkyl, where n is equal to 1 
or 2, and if n is equal to 2, then Rj can be the same or 
different; 

[0016] wherein R^, may be selected from the group 
consisting of hydrogen, a halogen, mono-substituted, 
poly-substituted or unsubstituted variants of the fol- 
lowing residues: saturated C1-C24 alkyl, unsaturated 
C2-C24 alkenyl or C2-C24 alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl (including, for example, 
cyclohexylcarbinol), alkoxy, cycloalkoxy, aryl, het- 
eroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, 
amino, aminocarbonyl, aminocarboyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, 
arylthio, oxysulfonyl, carboxy, cyano, and haloge- 
nated alkyl including polyhalogenated alkyl; 



[0017] wherein R3 may be selected from the group 
consisting of a halogen, mono-substituted, poly- 
.substituted or unsubstituted variants of the following 
residues: saturated C1-C24 alkyl, unsaturated C2-C24 
alkenyl or C2-C24 alkynyl, acyl, acyloxy, alkyloxy- 
carbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxy carbonyl, alkoxy carbonylacyl, amino, 
aminocarbonyl, aminocarboyloxy, nitro, azido, phe- 
nyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, cyano, and halogenated alkyl 
including polyhalogenated alkyl; and wherein each 
of Ej, E2, E3 and E4 is a substituted or unsubstituted 
heteroatom; in the treatment of cancer, inflammation, 
and infectious disease. 

[0018] Other embodiments relate to methods of treating a 
neoplastic disease in an animal. The methods can include, 
for example, administering to the animal, a therapeutically 
effective amount of a compound of a formula selected from 
Formulae I-V, and pharmaceutically acceptable salts and 
pro-drug esters thereof. 

[0019] Further embodiments relate to pharmaceutical 
compositions which include a compound of a formula 
selected from Formulae I-V. The pharmaceutical composi- 
tions can further include an anti-microbial agent. 

[0020] Still further embodiments relate to methods of 
inhibiting the growth of a cancer cell. The methods can 
include, for example, contacting a cancer cell with a com- 
pound of a formula selected from Formulae I-V, and phar- 
maceutically acceptable salts and pro-drug esters thereof. 

[0021] Other embodiments relate to methods of inhibiting 
proteasome activity that include the step contacting a cell 
with a compound of a formula selected from Formulae I-V, 
and pharmaceutically acceptable salts and pro-drug esters 
thereof. 

[0022] Other embodiments relate to methods of inhibiting 
NF-kB activation including the step contacting a cell with a 
compound of a formula selected from Formulae I-V, and 
pharmaceutically acceptable salts and pro-drug esters 
thereof. 

[0023] Some embodiments relate to methods for treating 
an inflammatory condition, including administering an 
effective amount of a compound of a formula selected from 
Formulae I-V to a patient in need thereof. 

[0024] Further embodiments relate to methods for treating 
a microbial illness including administering an effective 
amount of a compound of a formula selected from Formulae 
I-V to a patient in need thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying drawings, which are incorpo- 
rated in and form part of the specification, merely illustrate 
certain preferred embodiments of the present invention. 
Together with the remainder of the specification, they are 
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meant to serve to explain preferred modes of making certain 
compounds of the invention to those of skilled in the art. In 
the drawings: 

[0026] FIG. 1 shows the chemical structure of Salino- 
sporamide A. 

[0027] FIG. 2 shows the pan-tropical distribution of the 
Salinospora. "X" denotes Salinospora collection sites. 

[0028] FIG. 3 shows colonies of Salinospora. 

[0029] FIG. 4 shows the typical 16S rDNA sequence of 
the Salinospora. Bars represent characteristic signature 
nucleotides of the Salinospora that separate them from their 
nearest relatives. 

[0030] FIG. 5 shows Omuralide, a degradation product of 
the microbial metabolite Lactacystin. Also shown is a com- 
pound of Formula 11-16, also referred to as Salinosporamide 
A. 

[0031] FIG. 6 illustrates lethal toxin-mediated macroph- 
age cytotoxicity. NPl-0052 represents the compound of 
Formula 11-16. 

[0032] FIG. 7 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-20. 

[0033] FIG. 8 depicts the IH NMR spectrum of a com- 
pound having structure Formula n-24C. 

[0034] FIG. 9 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-19. 

[0035] FIG. 10 depicts the IH NMR spectrum of a com- 
pound having structure Formula II-2. 

[0036] FIG. 11 depicts the mass spectrum of a compound 
having structure Formula II-2. 

[0037] FIG. 12 depicts the IH NMR spectrum of a com- 
pound having struclurc l-'ormula II-3. 

[0038] FIG. 13 depicts the mass spectrum of a compound 
having structure Formula 11-3. 

[0039] FIG. 14 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-4. 

[0040] FIG. 15 depicts the mass spectrum of a compound 

having structure Formula 11-4. 

[0041] FIG. 16 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-5A. 

[0042] FIG. 17 depicts the mass spectrum of a compound 
having structure Formula II-5A. 

[0043] FIG. 18 depicts the IH NMR spectrum of a com- 
pound having structure Formula II-5B. 

[0044] FIG. 19 depicts the mass spectrum of a compound 

having structure Formula 11-5B. 

[0045] FIG. 20 depicts the IH NMR spectrum of a com- 
pound having structure Formula 1V-3C in DMSO-dg. 

[0046] FIG. 21 depicts the IH NMR spectrum of a com- 
pound having structure Formula IV-3C in CgDg/DMSO-dg. 

[0047] FIG. 22 depicts the IH NMR spectrum of a com- 
pound having structure Formula II-13C. 



[0048] FIG. 23 depicts the IH NMR spectrum of a com- 
pound having structure Formula II-8C. 

[0049] FIG. 24 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-25. 

[0050] FIG. 25 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-21. 

[0051] FIG. 26 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-22. 

[0052] FIG. 27 shows inhibition of the chymotrypsin-like 
activity of rabbit muscle proteasomes. 

[0053] FIG. 28 shows inhibition of the PGPH activity of 
rabbit muscle proteasomes. 

[0054] FIG. 29 shows inhibition of the chymotrypsin-like 

activity of human erythrocyte proteasomes. 

[0055] FIG. 30 shows the effect of 11-16 treatment on 
chymolrypsin-mediated cleavage of LLVY-AMC substrate. 

[0056] FIG. 31 shows NF-KBAuciferase activity and cyto- 
toxicity profiles of 11-16. 

[0057] FIG. 32 shows reduction of Ik Bex degradation and 
retention of phosphorylaled IkB«. by 11-16 in HEK293 cells 

(A) and the HEK293 NF-KB/Luciferase reporter clone (B). 

[0058] FIG. 33 shows accumulation of cell cycle regula- 
tory proteins, p21 and p27, by 11-16 treatment of HEK293 
cells (A) and the HEK293 NF-KB/Luciferase reporter clone 

(B) . 

[0059] FIG. 34 shows activation of Caspase-3 by 11-16 in 
Jurkat cells. 

[0060] FIG. 35 shows PARP cleavage by 11-16 in Jurkat 

[0061] FIG. 36 shows inhibition of LeTx-induced cyto- 
toxicity by 11-16 in RAW264.7 ceUs. 

[0062] FIG. 37 shows the effects of 11-16 treatment on 
PARP and Pro-Caspase 3 cleavage in RPMI 8226 and PC-3 
cells. 

[0063] FIG. 38 shows 11-16 treatment of RPMI 8226 
results in a dose-dependent cleavage of PARP and Pro- 
Caspase 3. 

[0064] FIG. 39 shows in vitro proteasome inhibition by 
11-16, 1-17, and 11-18. 

[0065] FIG. 40 shows proteasomal activity in PWBL 
prepared from 11-16 treated mice. 

[0066] FIG. 41 shows epoxomicin treatment in the PWBL 
assay. 

[0067] FIG. 42 shows intra-assay comparison. 

[0068] FIG. 43 shows decreased plasma TNF levels in 
mice treated with LPS. 

[0069] FIG. 44 depicts assay results showing the effect of 
Formula II-2, Formula II-3 and Formula II-4 on NF-kB 
mediated luciferase activity in HEK293 NF-kB/Luc CeUs. 

[0070] FIG. 45 depicts assay results showing the effect of 
Formula II-5A and Formula II-5B on NF-kB mediated 
luciferase activity in HEK293 NF-kB/Luc Cells 
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[0071] FIG. 46 depicts assay results showing the effect of 
Formula II-2, Formula II-3, and Formula II-4 on the chy- 
motrypsin-like activity of rabbit 20S proteasome. 

[0072] FIG. 47 depicts the effect of Formula II-5A and 
Formula II-5B on the chymotrjfpsin-Uke activity of rabbit 
20S proteasome. 

[0073] FIG. 48 depicts the effect of Formulae II-2, II-3, 
and II-4 against LeTx-mediated cytotoxicity. 

[0074] FIG. 49 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-17. 

[0075] FIG. 50 depicts the IH NMR spectrum of a com- 
pound having structure Formula 11-18. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0076] Numerous references are cited herein. The refer- 
ences cited herein, including the U.S. patents cited herein, 

are each to be considered incorporated by reference in their 
entirety into this specification. 

[0077] Embodiments of the invention include, but are not 
Umited to, providing a method for the preparation of com- 
pounds, including compounds, for example, those described 
herein and analogs thereof, and to providing a method for 
producing pharmaceutically acceptable anti-microbial, anti- 
cancer, and anti-inflammatory compositions, for example. 
The methods can include the compositions in relatively high 
yield, wherein the compounds and/or their derivatives are 
among the active ingredients in these compositions. Other 
embodiments relate to providing novel compounds not 
obtainable by currently available methods. Furthermore, 
embodiments relate to methods of treating cancer, inflam- 
mation, and infectious diseases, particularly those affecting 
humans. The methods may include, for example, the step of 
administering an effective amount of a member of a class of 
new compounds. Preferred embodiments relate to the com- 
pounds and methods of making and using such compounds 
disclosed herein, but not necessarily in aU embodiments of 
the present invention, these objectives are met. 

[0078] For the compoimds described herein, each stereo- 
genic carbon may be of R or S configuration. Although the 
specific compounds exemplified in this application may be 
depicted in a particular configuration, compounds having 
either the opposite stereochemistry at any given chiral center 
or mixtures thereof are also envisioned. When chiral centers 
are found in the derivatives of this invention, it is to be 
understood that the compounds encompasses aU possible 

[0079] Compounds of Formula I 

[0080] Some embodiments provide compounds, and 
methods of producing a class of compounds, pharmaceuti- 
cally acceptable salts and pro-drug esters thereof, wherein 
the compounds are represented by Formula I: 



Formula I 




[0081] In certain embodiments the substituent(s) R^, Rj, 
and R3 separately may include a hydrogen, a halogen, a 
mono-substituted, a poly-substituted or an unsubstituted 
variant of the foUowing residues: saturated C1-C24 alkyl, 
unsaturated C2-C24 alkenyl or C2-C24 alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl 
(including for example, cyclohexylcarbinol), cycloalkenyl, 
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, 
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboy- 
loxy, nitro, azido, phenyl, cycloalkylacyl, hydroxy, alky- 
Ithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated 
alkyl including polyhalogenated aUcyl. Further, in certain 
embodiments, each of E,, E,, E, and E,, may be a substituted 
or unsubstituted heteroatom, for example, a heleroatom 
separately selected from the group consisting of nitrogen, 
sulfur and oxygen. 

[0082] In some embodiments n may be equal to 1 or equal 
to 2. When n is equal to 2, the substituents can be the same 
or can be dilTcrenl. Furthermore, in some embodiments R3 
is not a hydrogen. 

[0083] Preferably, be a formyl. For example, the 

compound may have the foUowing structure I-l: 



Formula I-l 




[0084] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0085] Preferably, the structure of Formula I-l may have 
the following stereochemistry: 
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[0086] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0087] Preferably, R2 may be a carbinol. For example, the 
compound may have the following structure 1-2: 




[0088] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0089] As an example, the structure of Formula 1-2 may 
have the following stereochemistry: 




[0090] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0091] As exemplary compound of Formula I may be the 
compound having the following structure 1-3: 




[0092] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 



[0093] The compoimd of Formula 1-3 may have the fol- 
lowing stereochemical structure: 




[0094] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0095] Another exemplary compound Formula I may be 
the compound having the following structure 1-4: 



Formula 1-4 




[0096] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0097] Preferably, the compound of Formula 1-4 may have 
the following stereochemical structure: 




Rs 



[0098] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 
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[0099] Still a further exemplary compound of Formula I is 
the compound having the following structure 1-5: 



Formula 1-5 




[0100] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0101] For example, the compound of Formula 1-5 may 
have the following stereochemistry: 



,NH2 




Rs 



[0102] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0103] In some embodiments, R2 of Formula I may be, for 
example, a 3-methylenecyclohexene. For example, the com- 
pound may have the following structure of Formula 1-6: 



Formula 1-6 




[0104] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 



[0105] Preferably, the compound of Formula 1-6 may have 
the following stereochemistry: 




Rs 



[0106] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0107] In other embodiments, R2 may be a cyclohexyla- 
Ikylamine. 

[0108] Also, in other embodiments, R2 may be a C-Cy- 
clohexyl-methyleneamine. In others, R^ may be a cyclohex- 
anecarbaldehyde O-oxime. 

[0109] Furthermore, in some embodiments, R2 may be a 
cycloalkylacyl. 

[0110] Compounds of Formula II 

[0111] Other embodiments provide compounds, and meth- 
ods of producing a class of compoimds, pharmaceuticaUy 
acceptable salts and pro-drug esters thereof, wherein the 
compounds are represented by Formula II: 




[0112] In certain embodiments the substituent(s) Rj, R,, 

and R4 separately may include a hydrogen, a halogen, a 
mono-substituted, a poly-substituted or an unsubstituted 
variant of the following residues: saturated C1-C24 aUsyl, 
unsaturated C2-C24 alkenyl or C2-C24 aUsynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloaUsyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, aryla- 
Ikoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbo- 
nyl, aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl, 
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, 
and halogenated alkyl including polyhalogenated alkyl. Fur- 
ther, in certain embodiments, each of E^, E^, E3 and E4 may 
be a substituted or unsubstituted heteroatom, for example, a 
heteroatom or substituted heteroatom selected from the 
group consisting of nitrogen, siflfur and oxygen. 
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[0113] In some embodiments n may be equal to 1, while 
in others it may be equal to 2. When n is equal to 2, the 
substituents can be the same or can be different. Further- 
more, in some embodiments R3 is not a hydrogen, m can be 
equal to 1 or 2, and when m is equal to 2, R4 can be the same 
or different. 

[0114] E5 may be, for example, OH, O, ORjo, S, SR^, 
SO2R11, NH, NH2, NOH, NHOH, NR^^, and NHOR13, 
wherein R10.13 may separately include, for example, hydro- 
gen, a substituted or unsubstituted of any of the following: 
alkyl, an aryl, a heteroaryl, and the like. Also, may be 
CH2CH2X, wherein X may be, for example, H, F, CI, Rr, and 
I. R3 may be methyl. Furthermore, R4 may include a cyclo- 
hexyl. Also, each of E^, E3 and E4 may be O and E-, may be 
NH. Preferably, R^ may be CH2CH2X, wherein X is selected 
from the group consisting of H, F, CI Br, and I; wherein R4 
may include a cyclohexyl; wherein R3 may be methyl; and 
wherein each of Ej, E3 and E4 separately may be O and E2 
may be NH. 

[0115] For example, an exemplary compound of Formula 
II has the following structure II- 1: 



Fonnula II-l 




[0116] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0117] Exemplary stereochemistry may be as follows: 




[0118] In preferred embodiments, the compoimd of For- 
mula II has any of the following structures: 




[0119] The following is exemplary stereochemistry for 
compounds having the structures II-2, II-3, and II-4, respec- 
tively: 




Br 



[0120] In other embodiments wherein R4 may include a 
7-oxa-bicyclo[4.1.0]hept-2-yl). An exemplary compound of 
Formula II is the following structure II-5: 
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Fonnula II-5 




[0121] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0122] The following are examples of compounds having 
the structure of Formula II-5: 




II-5B 



ci 



[0123] In still further embodiments, at least one R4 may 
include a subsituted or an unsubstituted branched alkyl. For 
example, a compound of Formula II may be the following 
structure II-6: 




[0124] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0125] The following is exemplary stereochemistry for a 
compound having the structure of Formula II-6: 




[0126] As another example, the compound of Formula II 
may be the foUowing structure II-7: 



Formula II-7 




[0127] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 
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[0128] The following is exemplary stereochemistry for a 
compound having the structure of Formula II-7: 




[0129] In other embodiments, at least one R4 may be a 
cycloalkyl and Ej may be an oxygen. An exemplary com- 
pound of Formula II may be the following structure II-8: 



Fonnula II-8 




[0130] Rg may include, for example, hydrogen (II-8A), 
fluorine (II-8B), chlorine (II-8C), bromine (II-8D) and 
iodine (11-8E). 

[0131] The following is exemplary stereochemistry for a 
compound having the structure of Formula II-8: 




[0132] In some embodiments E5 may be an amine oxide, 
giving rise to an oxime. An exemplary compound of For- 
mula II has the following structure II-9: 



Formula II-9 




[0133] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine; R may be hydrogen, and a 
substituted or unsubstituted alkyl, aryl, or heteroaryl, and the 
like. 

[0134] The following is exemplary stereochemistry for a 
compound having the structure of Formula 11-9: 




Rs 



[0135] A further exemplary compound of Formula II has 
the following structure 11-10: 



Formula 11-10 




[0136] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 
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[0137] The following is exemplary stereochemistry for a 
compound having the structure of Formula 11-10: 




[0138] In some embodiments, E5 may be NH2- ^ exem- 
plary compound of Formula II has the following structure 
11-11: 



Formula 11-11 




[0139] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0140] The following is exemplary stereochemistry for a 
compound having the structure of Formula 11-11: 




[0141] In some embodiments, at least one R4 may include 
a cycloaUcyl and E5 may be NH2. An exemplary compound 
of Formula II has the following structure 11-12: 




[0142] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0143] The following is exemplary stereochemistry for a 
compound having the structure of Formula 11-12: 




Rs 



[0144] A further exemplary compound of Formula II has 
the following structure 11-13: 



Formula 11-13 




[0145] Rg may include, for example, hydrogen (II-13A), 
fluorine (II-13B), chlorine (II-13C), bromine (II-13D) and 
iodine (II-13E). 
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[0146] The following is exemplary stereochemistry for a 
compound having the structure of Formula 11-13 : 





[0147] A stiU further exemplary compound of Formula II 
has the following structure 11-14: 



[0151] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0152] Exemplary stereochemistry may be as follows: 



H 




[0148] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 



[0153] The following is exemplary stereochemistry for 
compounds having the structures 11-16, 11-17, 11-18, and 
11-19, respectively: 



[0149] The following is exemplary stereochemistry for a 
compound having the structure of Formula 11-14: 




[0150] In some embodiments, the compounds of Formula 
II, may include as R4 at least one cycloalkene, for example. 
Furthermore, in some embodiments, the compounds may 
include a hydroxy at E5, for example. A further exemplary 
compound of Formula II has the following si 
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-continued 




11-19 



[0154] The compounds of Formulae II- 16, 11-17, 11-18 and 
11-19 may be obtained by fermentation, synthesis, or semi- 
synthesis and isolated/purified as set forth below. Further- 
more, the compounds of Formulae 11-16, 11-17, 11-18 and 
11-19 may be used, and are referred to, as "starting materials" 
to make other compounds described herein. 

[0155] In some embodiments, the compounds of Formula 
11, may include a methyl group as R^, for example. Afurther 
exemplary compound. Formula 11-20, has the following 
structure and stereochemistry: 



11-20 




[0156] In some embodiments, the compounds of Formula 
II, may include hydroxyethyl as R^, for example. A further 
exemplary compound. Formula 11-21, has the following 
structure and stereochemistry: 



11-21 




HO 



[0157] In some embodiments, the hydroxyl group of For- 
mula 11-21 may be esterified such that R^ may include 
ethylpropionate, for example. An exemplary compound. 
Formula 11-22, has the following structure and stereochem- 
istry: 



11-22 




^ 

[0158] In some embodiments, the compounds of Formula 
II may include an ethyl group as R3, for example. Afurther 
exemplary compound of Formula II has the following struc- 
ture 11-23: 
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[0159] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. Exemplary stereochemistry 
may be as follows: 




[0160] In some embodiments, the compounds of Formula 
11-23 may have the following structure and stereochemistry, 
exemplified by Formula II-24C, where Rg is chlorine: 

n-24C 




[0161] In some embodiments, the compounds of Formula 
11-15 may have the following stereochemistry, exemplified 
by the compound of Formula 11-25, where Rg is chlorine: 

11-25 




ci 



[0162] Compounds of Formula III 

[0163] Other embodiments provide compounds, and 
methods of producing a class of compounds, pharmaceuti- 
cally acceptable salts and pro-drug esters thereof, wherein 
the compounds are represented by Formula III: 



Formula III 




[0164] In certain embodiments, the substituent(s) sepa- 
rately may include, for example, a hydrogen, a halogen, a 
mono-substituted, a poly-substituted or an unsubstituted 
variant of the following residues: saturated C1-C24 alkyl, 
unsaturated C2-C24 alkenyl or C2-C24 alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, aryla- 
Ikoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbo- 
nyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alky- 
Ithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated 
alkyl including polyhalogenated alkyl. For example, n can 
be equal to 1 or 2. 

[0165] In certain embodiments, R4 may be, for example, a 
hydrogen, a halogen, a mono-substituted, a poly-substituted 
or an unsubstituted variants of the following residues: satu- 
rated C1-C24 alkyl, unsaturated C2-C24 alkenyl or C2-C24 
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbo- 
nyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, 
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, 
amino, aminocarbonyl, aminocariioyloxy, nitro, a/.ido, phe- 
nyl, hydroxy, alkylthio, aryhhio, oxysulfonyl, carboxy, 
cyano, and halogenated alkyl including polyhalogenated 
alkyl. In some embodiments m can be equal to 1 or 2, and 
where m is equal to 2, the substituents can the same or 
different. Also, each of E^, E2, E3, E4 and Ej may be, for 
example, a substituted or unsubstituted heteroatom. For 
example, the heteroatom may be nitrogen, sulfur or oxygen. 

[0166] Compounds of Formula IV 

[0167] Other embodiments provide compounds, and 
methods of producing a class of compounds, pharmaceuti- 
cally acceptable salts and pro-drug esters thereof, wherein 
the compounds are represented by Formula IV: 



Fomula IV 




[0168] In certain embodiments, the substituent(s) Rj R3, 
and R5 may separately include a hydrogen, a halogen, a 
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mono-substituted, a poly-substituted or an unsubstituted 
variants of the following residues: saturated C1-C24 alkyl, 
unsaturated C^-C^^ alkenyl or C^-C^^ alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, aryla- 
Ikoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbo- 
nyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alky- 
Ithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated 
alkyl including polyhalogenated alkyl. Also, each of Ej, E2, 
E3, E4 and E5 may be a heteroatom or substituted heteroa- 
tom, for example, nitrogen, sulfur or oxygen. In some 
embodiments, R3 is not a hydrogen, n is equal to 1 or 2. 
When n is equal to 2, the substituents can be the same or can 
be different. Also, m can be 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 1 0, 
or 11. When m is greater than 1, the substituents can be the 
same or different. 

[0169] In some embodiments Rj may give rise to a di- 
substituted cyclohexyl. An exemplary compound of Formula 
IV is the following structure IV-1, with and without exem- 
plary stereochemistry: 




Formula IV-1 



[0170] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. The substituent(s) Rg and R7 
may separately include a hydrogen, a halogen, a mono- 
substituted, a poly-substituted or an unsubstituted variants of 
the following residues: saturated C^-C^ alkyl, unsaturated 
C-C^A alkenyl or C^-C^^ alkynyl, acyl, acyloxy, alkyloxy- 
carbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, 
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, 
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboy- 
loxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, cyano, and halogenated alkyl includ- 
ing polyhalogenated alkyl. Further, and R7 both may be 
the same or different. 



[0171] For example, an exemplary compound of Formula 
IV has the foUowing structure IV-2: 



Formula rV-2 




[0172] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0173] Exemplary stereochemistry may be as follows: 




[0174] For example, an exemplary compound of Formula 
IV has the foUowing structure IV-3: 



Formula IV-3 




[0175] Rg may include, for example, hydrogen (IV-3A), 
fluorine (IV-3B), chlorine (IV-3C), bromine (IV-3D) and 
iodine (WV-3E). 
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[0176] Exemplary structure and stereochemistry may be 
as follows: 




Rs 



[0177] Additional exemplary structure and stereochemis- 
try may be as follows: 



Formula IV-3C 




[0178] For example, an exemplary compound of Formula 
IV has the following structure IV-4: 



Formula IV-4 




[0179] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 



[0180] Exemplary stereochemistry may be as follows: 




Rs 



[0181] Compounds of Formula V 

[0182] Some embodiments provide compounds, and 
methods of producing a class of compounds, pharmaceuti- 
cally acceptable salts and pro-drug esters thereof, wherein 
the compounds are represented by Formula V: 



Formula V 




[0183] In certain embodiments, the substituent(s) and 
Rj may separately include a hydrogen, a halogen, a mono- 
substituted, a poly-substituted or unsubstituted variants of 
the following residues: saturated €^-€^4 alkyl, unsaturated 
C^-C24 alkenyl or C2-C24 alkynyl, acyl, acyloxy, alkyloxy- 
carbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, 
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, 
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboy- 
loxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, cyano, and halogenated alkyl includ- 
ing polyhalogenated alkyl. In certain embodiments, each of 
Ej, Ej, E3, E4 and E5 may be a heteroatom or substituted 
heteroatom, for example, nitrogen, sulfur or oxygen, n can 
be equal to 1 or 2, and when n is equal to 2, the substituents 
can be the same or different. Preferably, m may be, for 
example, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11. When m is 
greater than 1, Rj may be the same or different. 
[0184] Certain embodiments also provide pharmaceuti- 
cally acceptable salts and pro-drug esters of the compound 
of Formulae I-V, and provide methods of obtaining and 
piu-ifying such compounds by the methods disclosed herein. 



us 2005/0049294 Al 



16 



Mar. 3, 2005 



[0185] The term "pro-drug ester," especially when refer- 
ring to a pro-drug ester of the compound of Formula I 
synthesized by the methods disclosed herein, refers to a 
chemical derivative of the compound that is rapidly trans- 
formed in vivo to yield the compound, for example, by 
hydrolysis in blood or inside tissues. The term "pro-drug 
ester" refers to derivatives of the compounds disclosed 
herein formed by the addition of any of several ester- 
forming groups that are hydrolyzed under physiological 
conditions. Examples of pro-drug ester groups include piv- 
oyloxymethyl, acetoxymethyl, phthalidyl, indanyl and 
methoxymethyl, as well as other such groups known in the 
art, including a (5-R-2-oxo-l,3-dioxolen-4-yl)methyl group. 
Other examples of pro-drug ester groups can be found in, for 
example, T. Higuchi and V. Stella, in "Pro-drugs as Novel 
Delivery Systems", Vol. 14, A.C.S. Symposiimi Series, 
American Chemical Society (1975); and "Bioreversible Car- 
riers in Drug Design: Theory and Application", edited by E. 
B. Roche, Pergamon Press: New York, 14-21 (1987) (pro- 
viding examples of esters useful as prodrugs for compounds 
containing carboxyl groups). Each of the above-mentioned 
references is hereby incorporated by reference in its entirety. 

[0186] The term "pro-drug ester," as used herein, also 
refers to a chemical derivative of the compound that is 
rapidly transformed in vivo to yield the compound, for 
example, by hydrolysis in blood. 

[0187] The term "pharmaceutically acceptable salt," as 
used herein, and particularly when referring to a pharma- 
ceutically acceptable salt of a compound, including Formu- 
lae I-V, and Formula I-V as produced and synthesized by the 
methods disclosed herein, refers to any pharmaceutically 
acceptable salts of a compound, and preferably refers to an 
acid addition salt of a compoimd. Preferred examples of 
pharmaceutically acceptable salt are the alkali metal salts 
(sodium or potassium), the alkaline earth metal salts (cal- 
cium or magnesium), or ammonium salts derived from 
ammonia or I'rom pharmaceutically acceptable organic 
amines, for example C^-Cy alkylamine, cyclohexylamine, 
triethanolamine, ethylenediamine or tris-(hydroxymethyl)- 
aminomethane. With respect to compounds synthesized by 
the method of this embodiment that are basic amines, the 
preferred examples of pharmaceutically acceptable salts are 
acid addition salts of pharmaceutically acceptable inorganic 
or organic acids, for example, hydrohalic, sulfuric, phos- 
phoric acid or aliphatic or aromatic carboxylic or sulfonic 
acid, for example acetic, succinic, lactic, malic, tartaric, 
citric, ascorbic, nicotinic, methanesulfonic, p-toluensulfonic 
or naphthalenesulfonic acid. 

[0188] Preferred pharmaceutical compositions disclosed 
herein include pharmaceutically acceptable salts and pro- 
drug esters of the compound of Formulae I-V obtained and 
purified by the methods disclosed herein. Accordingly, if the 
manufacture of pharmaceutical formulations involves inti- 
mate mixing of the pharmaceutical excipients and the active 
ingredient in its salt form, then it is preferred to use 
pharmaceutical excipients which are non-basic, that is, 
either acidic or neutral excipients. 

[0189] It will be also appreciated that the phrase "com- 
pounds and compositions comprising the compound," or any 
like phrase, is meant to encompass compounds in any 
suitable form for pharmaceutical delivery, as discussed in 
fiirther detail herein. For example, in certain embodiments. 



the compounds or compositions comprising the same may 
include a pharmaceutically acceptable salt of the compound. 

[0190] In one embodiment the compounds may be used to 
treat microbial diseases, cancer, and inflammation. Disease 
is meant to be construed broadly to cover infectious dis- 
eases, and also autoimmune diseases, non-infectious dis- 
eases and chronic conditions. In a preferred embodiment, the 
disease is caused by a microbe, such as a bacterium, a fungi, 
and protozoa, for example. The methods of use may also 
include the steps of administering a compound or compo- 
sition comprising the compound to an individual with an 
infectious disease or cancer. The compound or composition 
can be administered in an amount effective to treat the 
particular infectious disease, cancer or inflammatory condi- 
tion. 

[0191] The infectious disease may be, for example, one 
caused by Bacillus, such as B. anthracis and B. cereus. The 
infectious disease may be one caused by a protozoa, for 
example, a Leishmania, a Plasmodium or a Trypanosoma. 
The compound or composition may be administered with a 
pharmaceutically acceptable carrier, diluent, excipient, and 
the like. 

[0192] The cancer may be, for example, a multiple 
myeloma, a colorectal carcinoma, a prostate carcinoma, a 

ovarian carcinoma, a melanoma, and the like. 

[0193] The inflammatory condition may be, for example, 
rheimiatoid arthritis, asthma, multiple sclerosis, psoriasis, 
stroke, myocardial infarction, and the Hke. 
[0194] The term "halogen atom," as used herein, means 
any one of the radio-stable atoms of column 7 of the Periodic 
Table of the Elements, i.e., fluorine, chlorine, bromine, or 
iodine, with bromine and chlorine being preferred. 

[0195] The term "alkyl," as used herein, means any 
unbranched or branched, substituted or unsubstituted, satu- 
rated hydrocarbon, with C^-C^ unbranched, saturated, 
unsubstituted hydrocarbons being preferred, with methyl, 
ethyl, isobutyl, and tert-butylpropyl, and pentyl being most 
preferred. Among the substituted, saturated hydrocarbons, 
C^-Cg mono- and di- and per-halogen substituted saturated 
hydrocarbons and amino-substituted hydrocarbons are pre- 
ferred, with perfluromethyl, perchloromethyl, perfluoro-tert- 
butyl, and perchloro-tert-butyl being the most preferred. 

[0196] The term "substituted" has its ordinary meaning, as 
found in numerous contemporary patents from the related 
art. See, for example, U.S. Pat. Nos. 6,509,331; 6,506,787; 
6,500,825; 5,922,683; 5,886,210; 5,874,443; and 6,350,759; 
all of which are incorporated herein in their entireties by 
reference. Specifically, the definition of substituted is as 
broad as that provided in U.S. Pat. No. 6,509,331, which 
defines the term "substituted alkyl" such that it refers to an 
alkyl group, preferably of from 1 to 10 carbon atoms, having 
from 1 to 5 substituents, and preferably 1 to 3 substituents, 
selected from the group consisting of alkoxy, substituted 
alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl, 
substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, 
substituted amino, aminoacyl, aminoacyloxy, oxyacy- 
lamino, cyano, halogen, hydroxyl, carboxyl, carboxylalkyl, 
keto, thioketo, thiol, thioalkoxy, substituted thioalkoxy, aryl, 
aryloxj', heteroaryl, heteroaryloxy, heterocyclic, heterocy- 
clooxy, hydroxyamino, alkoxyamino, nitro, — SO-alkyI, 
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— SO-substituted alkyl, — SO-aryl, — SO-hctcroaryl, 
— S02-alkyl, — SO^-substituted alkyl, — SO,-aryl and 
— S02-heteroaryl. The other above-listed patents also pro- 
vide standard definitions for the term "substituted" that are 
well-understood by those of skill in the art. 
[0197] The term "cycloalkyl" refers to any non-aromatic 
hydrocarbon ring, preferably having five to twelve atoms 
comprising the ring. The term "acyl" refers to alkyl or aryl 
groups derived from an oxoacid, with an acetyl group being 
preferred. 

[0198] The term "alkenyl," as used herein, means any 
unbranched or branched, substituted or unsubstituted, unsat- 
urated hydrocarbon including polyunsaturated hydrocar- 
bons, with Cj-Cg unbranched, mono-unsaturated and di- 
unsaturated, unsubstituted hydrocarbons being preferred, 
and mono-unsaturated, di-halogen substituted hydrocarbons 
being most preferred. The term "cycloalkenyl" refers to any 
non-aromatic hydrocarbon ring, preferably having five to 

[0199] The terms "aryl,""subsliluted aryl,""heteroaryl," 
and "substituted heteroaryl," as used herein, refer to aro- 
matic hydrocarbon rings, preferably having five, six, or 
seven atoms, and most preferably having six atoms com- 
prising the ring. "Heteroaryl" and "substituted heteroaryl," 
refer to aromatic hydrocarbon rings in which at least one 
heteroatom, e.g., oxygen, sulfur, or nitrogen atom, is in the 
ring along with at least one carbon atom. The term "hetero- 
cycle" or "heterocyclic" refer to any cyclic compound 
containing one or more heteroatoms. The substituted aryk, 
heterocycles and heteroaryk can be substituted with any 
substituent, including those described above and those 
known in the art. 

[0200] The term "alkoxy" refers to am uiihiaiiclKJ. or 
branched, substituted or unsubstituted, saluialcd or unsatur- 
ated ether, with Cj-Cg unbranched, saturated, unsubstituted 
ethers being preferred, with methoxy being preferred, and 
also with dimethyl, diethyl, methyl-isobutyl, and methyl- 
tert-butyl ethers also being preferred. The term 
"cycloalkoxy" refers to any non-aromatic hydrocarbon ring, 
preferably having five to twelve atoms comprising the ring. 
The term "alkoxy carbonyl" refers to any linear, branched, 
cyclic, saturated, unsaturated, aliphatic or aromatic alkoxy 
attached to a carbonyl group. The examples include meth- 
oxycarbonyl group, ethoxycarbonyl group, propyloxycarbo- 
nyl group, isopropyloxycarbonyl group, butoxycarbonyl 
group, sec-butoxycarbonyl group, tert-butoxycarbonyl 
group, cyclopentyloxycarbonyl group, cyclohexyloxycarbo- 
nyl group, benzyloxycarbonyl group, allyloxycarbonyl 
group, phenyloxycarbonyl group, pyridyloxycarbonyl 
group, and the like. 

[0201] The terms "pure,""purified,""substantially puri- 
fied," and "isolated" as used herein refer to the compound of 
the embodiment being free of other, dissimilar compounds 
with which the compound, if fovmd in its natural state, would 
be associated in its natural state. In certain embodiments 
described as "pure,""purified,""substantially purified," or 
"isolated" herein, the compound may comprise at least 
0.5%, 1%, 5%, 10%, or 20%, and most preferably at least 
50% or 75% of the mass, by weight, of a given sample. 
[0202] The terms "derivative,""variant," or other similar 
term refers to a compoimd that is an analog of the other 



[0203] Certain of the compounds of Formula 1-V may be 
obtained and purified or may be oblaincti \ la scmi-s\ nthesis 
from purified compounds as scl I'orlh herein. Generally, 
without being limited thereto, the compounds of Formula 
11-15, preferably. Formulae 11-16, 11-17, 11-18 and 11-19, may 
be obtained synthetically or by fermentation. Exemplary 
fermentation procedures are provided below. Futher, the 
compounds of Formula 11-15, preferably. Formulae 11-16, 
11-17, 11-18 and 11-19 may be used as starting compounds in 
order to obtain/synthesize various of the other compounds 
described herein. Exemplary non-limiting syntheses are 
provided herein. 




CHj 

Formula 11-18 




Formula 11-19 
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[0204] Formula 11-16 is currently produced through a 
high-yield saline fermentation (-200 mg/L) and moditica- 
tions of the conditions has yielded new analogs in the 
fermentation extracts. FIG. 1 shows the chemical structure 
of 11-16. Additional analogs can be generated through 
directed biosynthesis. Directed biosynthesis is the moditi- 
cation of a natural product by adding biosynthetic precursor 
analogs to the fermentation of producing microorganisms 
(Lam, et al., J Antibiot (Tokyo) 44:934 (1991), Lam, et al., 
J Antibiot (Tokyo) 54:1 (2001); which is hereby incorpo- 
rated by reference in its entirety). 

[0205] Exposing the producing culture to analogs of acetic 
acid, phenylalanine, valine, butyric acid, shikimic acid, and 
halogens, preferably, other than chlorine, can lead to the 

formation of new analogs. The new analogs produced can be 
easily detected in crude extracts by HPLC and 1,( -MS. 1 or 
example, after manipulating the medium wilh diUcrcnt con- 
centrations of sodium bromide, a bromo-analog, formula 
11-18, was successfully produced in shake-flask culture at a 
titer of 14 mg/L. 

[0206] A second approach to generate new analogs is 
through biotransformation. Biotransformation reactions are 
chemical reactions catalyzed by enzymes or whole cells 
containing these enzymes. Zaks, A., Curr Opin Chem Biol 
5:130 (2001). Microbial natural products are ideal substrates 
for biotransformation reactions as they are synthesized by a 
series of enzymatic reactions inside microbial cells. Riva, S., 
Curr Opin Chem Biol 5:106 (2001). 
[0207] Given the structure of the described compounds, 
including those of Formula 11-15, for example, the possible 
biosynthetic origins are acetyl-CoA, ethylmalonyl-CoA, 
phenylalanine and chlorine. Ethylmalonyl-CoA is derived 
from butyryl-CoA, which can be derived either from valine 
or crotonyl-CoA. Liu, et al, Metab Eng 3:40 (2001). Phe- 
nylalanine is derived from shikimic acid. 

[0208] Production of Compounds of Formulae 11-16, 
11-17, and 11-18 

[0209] The production of compounds of Formulae 11-16, 
11-17, and 11-18 may be carried out by cultivating strain 
CNB476 in a suitable nutrient medium under conditions 
described herein, preferably under submerged aerobic con- 
ditions, until a substantial amount of compounds are 
detected in the fermentation; harvesting by extracting the 
active components from the fermentation broth with a 
suitable solvent; concentrating the solvent containing the 
desired components; then subjecting the concentrated mate- 
rial to chromatographic separation to isolate the compoimds 
from other metabolites ako present in the cultivation 
medium. 

[0210] FIG. 2 shows some collection sites worldwide for 
the culture (CNB476), which is also refered to as SaUno- 
spora. FIG. 3 shows colonies of Salinospora. FIG. 4 shows 
the typical 16S rDNA sequence of the Salinospora. Bars 
represent characteristic signature nucleotides of the Salino- 
spora that separate them from their nearest relatives. 

[0211] The culture (CNB476) was deposited on Jun. 20, 
2003 with the American Type Culture CoUection (ATCC) in 
Rockville, Md. and assigned the ATCC patent deposition 
number PTA-5275. The ATCC deposit meets all of the 
requirements of the Budapest treaty. The culture is also 
maintained at and available from Nereus Pharmaceutical 



Culture Collection at 10480 Wateridge Circle, San Diego, 
Calif. 92121. In addition to the specific microorganism 
described herein, it should be understood that mutants, such 
as those produced by the use of chemical or physical 
mutagens including X-rays, etc. and organisms whose 
genetic makeup has been modified by molecular biology 
techniques, may also be cultivated to produce the starting 
compounds of Formulae 11-16, 11-17, and 11-18. 
[0212] Fermentation of Strain CNB476 
[0213] Production of compounds can be achieved at tem- 
perature conducive to satisfactory growth of the producing 
organism, e.g. from 16 degree C. to 40 degree C, but it is 
preferable to conduct the fermentation at 22 degree C. to 32 
degree C. The aqueous medium can be incubated for a 
period of time necessary to complete the production of 
compounds as monitored by high pressure liquid chroma- 
tography (HPLC), preferably for a period of about 2 to 10 
days, on a rotary shaker operating at about 50 rpm to 400 
rpm, preferably at 150 rpm to 250 rpm, for example. 
[0214] Growth of the microorganisms may be achieved by 
one of ordinary skill of the art by the use of appropriate 
medium. Broadly, the sources of carbon include glucose, 
fructose, mannose, maltose, galactose, mannitol and glyc- 
erol, other sugars and sugar alcohols, starches and other 
carbohydrates, or carbohydrate derivatives such as dextran, 
cerelose, as well as complex nutrients such as oat flour, corn 
meal, millet, corn, and the like. The exact quantity of the 
carbon source that is utilized in the medium wiU depend in 
part, upon the other ingredients in the medium, but an 
amount of carbohydrate between 0.5 to 25 percent by weight 
of the medium can be satisfactorily used, for example. These 
carbon sources can be used individually or several such 
carbon sources may be combined in the same medium, for 
example. Certain carbon sources are preferred as hereinafter 
set forth. 

[0215] The soiu-ces of nitrogen include amino acids such 
as glycine, arginine, threonine, methionine and the like, 
ammonium salt, as well as complex sources such as yeast 
extracts, corn steep liquors, distiUer solubles, soybean meal, 
cotttonseed meal, fish meal, peptone, and the like. The 
various sources of nitrogen can be used alone or in combi- 
nation in amounts ranging from 0.5 to 25 percent by weight 
of the medium, for example. 

[0216] Among the nutrient inorganic salts, which can be 
incorporated in the culture media, are the customary salts 
capable of yielding sodium, potassium, magnesium, cal- 
cium, phosphate, sulfate, chloride, carbonate, and like ions. 
Also included are trace metals such as cobalt, manganese, 
iron, molybdenum, zinc, cadmium, and the like. 
[0217] Biological Activity and Uses of Compounds 
[0218] Some embodiments relate to methods of treating 
cancer, inflammation, and infectious diseases, particularly 
those affecting humans. The methods may include, for 
example, the step of administering an eflective amount of a 
member of a class of new compounds. Thus, the compounds 
disclosed herein may be used to treat cancer, inflammation, 
and infectious disease. 

[0219] The compounds have various biological activities. 
For example, the compounds have chemosensitizing activ- 
ity, anti-microbial, anti-inflammation, and anti-cancer activ- 
ity. 
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[0220] The compounds have proteasome inhibitory activ- 
ity. The proteasome inhibitory activity may, in whole or in 
part, contribute to the ability of the compounds to act as 
anti-cancer, anti-inflammatory, and anti-microbial agents. 

[0221] The proteasome is a multisubunit protease that 
degrades intracellular proteins through its chymotrypsin- 
like, trypsin-like and peptidylglutamyl-peptide hydrolyzing 
(PGPH; and also know as the caspase-like activity) activi- 
ties. The 26S proteasome contains a proteolytic core called 
the 20S proteasome and two 19S regulatory subunits. The 
20S proteasome is responsible for the proteolytic activity 
against many substrates including damaged proteins, the 
transcription factor NF-kB and its inhibitor IkB, signaling 
molecules, tumor suppressors and cell cycle regulators. 
There are three distinct protease activities within the pro- 
teasome: 1) chymotrypsin-like; 2) trypsin-like; and the 3) 
peptidyl glutamyl peptide hydrolyzing (PGPH) activity. 

[0222] As an example, compounds of Formula 11-16 were 
more potent (EC^ 2 nM) at inhibiting the chymotrypsin-like 
activity of rabbit muscle proteasomes than Omuralide (ECjq 
52 nM) and also inhibited the chymotrypsin-like activity of 
human erythrocyte derived proteasomes (ECjq -250 pM). 
FIG. 5 shows omuralide, which is a degradation product of 
Lactacystin, and it shows a compound of Formula 11-16. 
Compounds of Formula 11-16 exhibit a significant prefer- 
ence for inhibiting chymotrypsin-Kke activity of the protea- 
some over inhibiting the catalytic activity of chymo trypsin. 
Compounds of Formula 11-16 also exhibit low nM trypsin- 
Hke inhibitory activity (~10 nM), but are less potent at 
inhibiting the PGPH activity of the proteasome (ECjo -350 
nM). 

[0223] Additional studies have characterized the effects of 
compounds described herein, including studies of Formula 
11-16 on the NF-kB/IkB signaling pathway. Treatment of 
HEK293 cells (human embryonic kidney) with Tumor 
Necrosis Factor-alpha (TNF-a) induces phosphorylation 
and proteasome-mediated degradation of IkBu: followed by 
NF-kB activation. To confirm proteasome inhibition, 
HEIC293 cells were pre-treated for 1 hour with compounds 
of Formula 11-16 followed by TNF-a stimulation. Treatment 
with compounds of Formula 11-16 promoted the accumula- 
tion of phosphorylated IkBu suggesting that the protea- 
some-mediated IkBq degradation was inhibited. 

[0224] Furthermore, a stable HEK293 clone (NF-kB/Luc 
293) was generated carrying a luciferase reporter gene under 
the regulation of 5x NF-kB binding sites. Stimulation of 
NF-kB/Luc 293 cells with TNF-a increases luciferase activ- 
ity as a result of NF-kB activation while pretreatment with 
compounds of Formula 11-16 decreases activity. Western 
blot analyses demonstrated that compounds of Formula 
11-16 promoted the accumulation of phosphorylated-lKBa 
and decreased the degradation of total iKBa in the NF-kB/ 
Luc 293 cells. Compounds of Formula 11-16 were also 
shown to increase the levels of the cell cycle regulatory 
proteins, p21 and p27. 

[0225] Tumor cells may be more sensitive to proteasome 
inhibitors than normal cells. Moreover, proteasome inhibi- 
tion increases the sensitivity of cancer cells to anticancer 
agents. The cytotoxic activity of the compounds described 
herein, including Formula 11-16, were examined for cyto- 
toxic activity against various cancer cell lines. Formula 11-16 
was examined, for example, in the National Cancer Institute 



screen of 60 human tumor cell lines. Formula 11-16 exhibited 
selective cytotoxic activity with a mean GI50 value (the 
concentration to achieve 50% growth inhibition) of less than 
10 nM. The greatest potency was observed against SK- 
MEL-28 melanoma and MDA-MB-235 breast cancer cells 
[both with LC50 (the concentration with 50% cell lethality) 
<10 nM]. 

[0226] A panel of cell lines including human colorectal 
(HT-29 and LoVo), prostate (PC3), breast (MDA-MB-23 1), 
lung (NCI-H292), ovarian (0VCAR3), acute T-cell leuke- 
mia (Jurkat), murine melanoma (B16-F10) and normal 
human fibroblasts (CCD-27sk) was treated with Salino- 
sporamide A for 48h to assess cytotoxic activity. HT-29, 
LoVo, PC3, MDA-MB-231, NCI-H292, 0VCAR3, Jurkat, 
and B16-F10 cells were sensitive with ECjo values of 47, 69, 
78, 67, 97, 69, 10, and 33 nM, respectively. In contrast, the 
ECjo values for CCD-27sk cells were 196 nM. Treatment of 
Jiu-kat cells with Salinosporamide A at the approximate ECjg 
resulted in Caspase-3 activation and cleavage of PARP 
confirming the induction of apoptosis. 

[0227] The anti-anthrax activity of the described com- 
pounds was evaluated using an in vitro LeTx induced 
cytotoxicity assay. As one example, the results indicate that 
Formula 11-16 is a potent inhibitor of LeTx-induced cyto- 
toxicity of murine macrophagc-likc RAW264.7 cells. Ircal- 
ment of RAW264.7 cells wilh I'oninila 11-16 resulted in a 

10- fold increase in the viability of Le lx-treated cells com- 
pared to LeTx treatment alone (average ECjo of <4 nM). 

[0228] Potential Chemosensitizing Effects of Formula 

11- 16 

[0229] Additional studies have characterized the effects of 
the compounds described herein on the NF-kB/IkB signal- 
ing pathway (see the Examples). In unstimulated cells, the 
transcription factor nuclear factor-kappa B (NF-?B) resides 
in the cytoplasm in an inactive complex with the inhibitory 
protein IkB (inhibitor of NF-kB). Various stimuli can cause 
I?B phosphorylation by I?B kinase, followed by ubiquiti- 
nation and degradation by the proteasome. Following the 
degradation of I?B, NF-?B translocates to the nucleus and 
regulates gene expression, affecting many cellular processes 
including inhibition of apoptosis. Chemotherapy agents such 
as CPT-11 (Irinotecan) can activate NF-?B in human colon 
cancer cell lines including LoVo cells, resulting in a 
decreased ability of these cells to undergo apoptosis. Painter, 
R. B. Cancer Res 38:4445 (1978). Velcadey™ is a dipepti- 
dyl boronic acid that inhibits the chymotrypsin-like activity 
of the proteasome (Lightcap, et al., Clin Chem A6:61'i 
(2000), Adams, et al., Cancer Res 59:2615 (1999), Adams, 
Curr Opin Oncol 14:628 (2002)) while enhancing the 
trypsin and PGPH activities. Recently approved as a pro- 
teasome inhibitor, Velcade^M, (PS-341; Millennium Phar- 
maceuticals, Inc.) has been shown to be directly toxic to 
cancer cells and also enhance the cytotoxic activity of 
CPT-11 in LoVo cells in vitro and in a LoVo xenograft model 
by inhibiting I?B degradation by the proteasome. Blum, et 
al., Ann Intern Med 80:249 (1974). In addition, Velcade™ 
was found to inhibit the expression of proangiogenic 
chemokines/cytokines Growth Related Oncogene-alpha 
(GRO-a) and Vascular Endothelial Growth Factor (VEGF) 
in squamous cell carcinoma, presumably through inhibition 
of the NF-kB pathway. Dick, et ^l., J Biol Chem 271:7273 
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(1996). These data suggest that proteasome inhibition may 
not only decrease tumor cell survival and growth, but also 
angiogenesis. 

[0230] Anti-Anthrax Activity 

[0231] Another potential application for proteasome 
inhibitors comes from recent studies on the biodefense 
Category A agent _B. anthracis (anthrax). Anthrax spores are 
inhaled and lodge in the lungs where they are ingested by 
macrophages. Within the macrophage, spores germinate, the 
organism replicates, resulting ultimately in killing of the 
cell. Before killing occurs, however, infected macrophages 
migrate to the lymph nodes where, upon death, they release 
their contents allowing the organism to enter the blood- 
stream, further replicate, and secrete lethal toxins. Hanna, et 
al., Proc Natl Acad Sci USA 90:10198 (1993). Anthrax 
toxins are responsible for the symptoms associated with 
anthrax. Two proteins that play a key role in the pathogen- 
esis of anthrax are protective antigen (PA, 83 kDa) and lethal 
factor (LF, 90 kDa) which are collectively known as lethal 
toxin (LeTx). LF has an enzymatic function, but requires PA 
to achieve its biological effect. Neither PA or LF cause death 
individually; however, when combined they cause death 
when injected intravenously in animals. Kalns, et al., Bio- 
chem Biophys Res Commim 297:506 (2002), Kalns, et al, 
Biochem Biophys Res Commim 292:41 (2002). 
[0232] Protective antigen, the receptor-binding compo- 
nent of anthrax toxin, is responsible for transporting lethal 
factor into the host cell. PA ohgomerizes into a ring-shaped 
heptamer (see FIG. 6). Each heptamer, bound to its receptor 
on the surface of a cell, has the ability to bind up to three 
molecules of LF. The complex formed between the PA 
heptamer and LF is taken into the cell by receptor-mediated 
endocytosis. Following endocytosis, LF is released into the 
cytosol where it attacks various cellular targets. Mogridge, 
et al.. Biochemistry 41: 1079 (2002), Lacy, et al.JBiol Chem 
277:3006 (2002), Bradley, et al.. Nature 414:225 (2001). 

[0233] Lethal factor is a zinc dependent metalloprotease, 
which in the cytosol can cleave and inactivate signaling 
proteins of the mitogen-activated protein kinase kinase 
family (MAPKK). Duesbery, et al. Science 280:734 (1998), 
Bodart, et al., Cell Cycle 1:10 (2002), Vitale, et &\.,JAppl 
Microbiol 87:288 (1999), Vitale, et al., Biochem J 352 Pt 
3:739 (2000). Of the seven different known MAPK kinases, 
six have been shown to be cleaved by LF. Within the cell, 
MAPK kinase pathways transduce various signals involved 
in cell death, proliferation, and differentiation making these 
proteins highly significant targets. However, certain inhibi- 
tors that prevent LeTx-induced cell Jealli, do not prevent 
MAPKK cleavage by LF suggesting that this activity is not 
sufficient for induction of cell death. Kim, et zi.,J Biol Chem 
278:7413 (2003), Lin, et al., Curr Microbiol 33:224 (1996). 

[0234] Studies have suggested that inhibition of the pro- 
teasome can prevent LeTx-induced cell death. Tang, et al.. 
Infect Immun 67:3055 (1999). Data have shown that pro- 
teasome activity is required for LeTx-mediated killing of 
RAW264.7 macrophage-like cells and that proteasome 
inhibitors protect RAW264.7 cells from LeTx. Proteasome 
inhibition did not block MEKl cleavage, suggesting the 
LeTx pathway is not blocked upstream of MEKl cleavage 
in these studies. Additionally, there is no increase in pro- 
teasome activity in cells treated with LeTx. These data 
suggested that a novel, potent proteasome inhibitor like the 



compounds described herein, may also prevent LeTx-in- 
duced cell death as illustrated in FIG. 6. 

[0235] The receptor for PA has been identified and is 
expressed by many cell types. Escuyer, et al.. Infect Immun 
59:3381 (1991). Lethal toxin is active in a few cell culture 
lines of macrophages causing cell death within a few hours. 
Hanna, et al., Proc Natl Acad Sci USA 90:10198 (1993), 
Kim, et al., J Biol Chem 278:7413 (2003), Lin, et al., Curr 
Microbiol 33:224 (1996). LeTx can induce both necrosis and 
apoptosis in mouse macrophage-like RAW264.7 and 
J774A.1 cells upon in vitro treatment. 

[0236] The results indicate that the compounds described 
herein act as a potent inhibitor of LeTx-induced cytotoxicity 
of murine macrophage-like RAW264.7 cells. Treatment of 
RAW264.7 cells with, for example, compounds of Formula 
11-16, resulted in a 10-fold increase in the viability of 
LeTx-treated cells compared to LeTx treatment alone (aver- 
age ECjo of <4 nM) and therefore provide a valuable therapy 
for anthrax infections. Formula 11-16, for example, pro- 
moted survival of RAW264.7 macrophage-like cells in the 
presence of LeTx indicating that this compound and its 
derivatives provide a valuable clinical therapeutic for 
anthrax infection. 

[0237] Pharmaceutical Compositions 

[0238] In one embodiment, the compounds disclosed 
herein are used in pharmaceutical compositions. The com- 
pounds preferably can be produced by the methods disclosed 
herein. The compounds can be used, for example, in phar- 
maceutical compositions comprising a pharmaceutically 
acceptable carrier prepared for storage and subsequent 
administration. Also, embodiments relate to a pharmaceuti- 
cally effective amount of the products and compounds 
disclosed above in a pharmaceutically acceptable carrier or 
diluent. Acceptable carriers or diluents for therapeutic use 
are well known in the pharmaceutical art, and are described, 
for example, in Remington's Pharmaceutical Sciences, 
Mack Publishing Co. (A. R. Gennaro edit. 1985), which is 
incorporated herein by reference in its entirety. Preserva- 
tives, stabilizers, dyes and even flavoring agents may be 
provided in the pharmaceutical composition. For example, 
sodium benzoate, ascorbic acid and esters of p-hydroxyben- 
zoic add may be added as preservatives. In addition, anti- 
oxidants and suspending agents may be used. 

[0239] The compositions, particularly those of Formulae 
I-V, may be formulated and used as tablets, capsules, or 
elixirs for oral administration; suppositories for rectal 
administration; sterile solutions, suspensions for injectable 
administration; patches for transdermal administration, and 
sub-dermal deposits and the like. Injectables can be prepared 
in conventional forms, either as liquid solutions or suspen- 
sions, solid forms suitable for solution or suspension in 
liquid prior to injection, or as emulsions. Suitable excipients 
are, for example, water, saline, dextrose, mannitol, lactose, 
lecithin, albumin, sodium ghitamate, cysteine hydrochlo- 
ride, and the like. In addition, if desired, the injectable 
pharmaceutical compositions may contain minor amounts of 
nontoxic auxiliary substances, such as wetting agents, pH 
buffering agents, and the like. If desired, absorption enhanc- 
ing preparations (for example, liposomes), may be utilized. 

[0240] Pharmaceutical formulations for parenteral admin- 
istration include aqueous solutions of the active compounds 
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in water-soluble form. Additionally, suspensions of the 
active compounds may be prepared as appropriate oily 
injection suspensions. Suitable lipophilic solvents or 
vehicles include fatty oils such as sesame oil, or other 
organic oils such as soybean, grapefruit or almond oils, or 
synthetic fatty acid esters, such as ethyl oleate or triglycer- 
ides, or liposomes. Aqueous injection suspensions may 
contain substances that increase the viscosity of the suspen- 
sion, such as sodium carboxymethyl cellulose, sorbitol, or 
dextran. Optionally, the suspension may also contain suit- 
able stabilizers or agents that increase the solubility of the 
compounds to allow for the preparation of highly concen- 
trated solutions. 

[0241] Pharmaceutical preparations for oral use can be 
obtained by combining the active compounds with solid 
excipient, optionally grinding a resulting mixture, and pro- 
cessing the mixture of granules, after adding suitable aux- 
iliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations 
such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 
lulose, and/or polyvinylpyrrolidone (PVP). If desired, dis- 
integrating agents may be added, such as the cross-linked 
polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof 
such as sodium alginate. Dragee cores are provided with 
suitable coatings. For this purpose, concentrated sugar solu- 
tions may be used, which may optionally contain gum 
arable, talc, polyvinyl pyrrolidone, carbopol gel, polyethyl- 
ene glycol, and/or titanium dioxide, lacquer solutions, and 
suitable organic solvents or solvent mixtures. DyestufEs or 
pigments may be added to the tablets or dragee coatings for 
identification or to characterize different combinations of 
active compound doses. For this purpose, concentrated sugar 
solutions may be used, which may optionally contain gum 
arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethyl- 
ene glycol, and/or titanium dioxide, lacquer solutions, and 
suitable organic solvents or solvent mixtures. Dyestuffs or 
pigments may be added to the tablets or dragee coatings for 
identification or to characterize different combinations of 
active compound doses. Such formulations can be made 
using methods known in the art (see, for example, U.S. Pat. 
No. 5,733,888 (injectable compositions); U.S. Pat. No. 
5,726,181 (poorly water soluble compounds); U.S. Pat. No. 
5,707,641 (therapeutically active proteins or peptides); U.S. 
Pat. No. 5,667,809 (lipophilic agents); U.S. Pat. No. 5,576, 
012 (solubihzing polymeric agents); U.S. Pat. No. 5,707,615 
(anti-viral formulations); U.S. Pat. No. 5,683,676 (particu- 
late medicaments); U.S. Pat. No. 5,654,286 (topical formu- 
lations); U.S. Pat. No. 5,688,529 (oral suspensions); U.S. 
Pat. No. 5,445,829 (extended release formulations); U.S. 
Pat. No. 5,653,987 (liquid formulations); U.S. Pat. No. 
5,641,515 (controlled release formulations) and U.S. Pat. 
No. 5,601,845 (spheroid formulations); all of which are 
incorporated herein by reference in their entireties. 
[0242] Further disclosed herein are various pharmaceuti- 
cal compositions well known in the pharmaceutical art for 
uses that include intraocular, intranasal, and intraauricular 
delivery. Pharmaceutical formulations include aqueous oph- 
thalmic solutions of the active compoimds in water-soluble 
form, such as eyedrops, or in gellan gum (Shedden et al., 
Clin. Then, 23(3):440-50 (2001)) or hydrogels (Mayer et al., 
Ophthalmologica, 210(2):101-3 (1996)); ophthalmic oint- 



ments; ophthalmic suspensions, such as microparticulates, 
drug-containing small polymeric particles that are sus- 
pended in a liquid carrier medium (Joshi, A. 1994 / Ocul 
Pharmacol 10:29-45), lipid-soluble formulations (Aim et 
al.. Prog. Clin. Biol Res., 312:447-58 (1989)), and micro- 
spheres (Mordenti, Toxicol ScL, 52(l):101-6 (1999)); and 
ocular inserts. All of the above-mentioned references, are 
incorporated herein by reference in their entireties. Such 
suitable pharmaceutical formulations are most often and 
preferably formulated to be sterile, isotonic and buffered for 
stability and comfort. Pharmaceutical compositions may 
also include drops and sprays often prepared to simulate in 
many respects nasal secretions to ensure maintenance of 
normal ciliary action. As disclosed in Remington's Pharma- 
ceutical Sciences (Mack Publishing, 18"" Edition), which is 
incorporated herein by reference in its entirety, and well- 
known to those skilled in the art, suitable formulations are 
most often and preferably isotonic, sHghtly buffered to 
maintain a pH of 5.5 to 6.5, and most often and preferably 
include anti-microbial preservatives and appropriate drug 
stabilizers. Pharmaceutical formulations for intraauricular 
delivery include suspensions and ointments for topical appli- 
cation in the ear. Common solvents for such aural formula- 
tions include glycerin and water. 

[0243] When used as an anti-cancer, anti-inflammatory or 
anti-microbial compound, for example, the compounds of 
formulae 1-V or compositions including Formulae I-V can 
be administered by either oral or non-oral pathways. When 
administered orally, it can be administered in capsule, tablet, 
granule, spray, syrup, or other such form. When adminis- 
tered non-orally, it can be administered as an aqueous 
suspension, an oily preparation or the like or as a drip, 
suppository, salve, ointment or the like, when administered 
via injection, subcutaneously, intraperitoneally, intrave- 
nously, intramuscularly, or the like. 

[0244] In one embodiment, the anti-cancer, anti-inflam- 
matory or anti-microbial can be mixed with additional 
substances to enhance their effectiveness. In one embodi- 
ment, the anti-microbial is combined with an additional 
anti-microbial. In another embodiment, the anti-microbial is 
combined with a drug or medicament that is helpful to a 
patient that is taking anti-microbials. 

[0245] Methods of Administration 

[0246] In an alternative embodiment, the disclosed chemi- 
cal compounds and the disclosed pharmaceutical composi- 
tions are administered by a particular method as an anti- 
microbial. Such methods include, among others, (a) 
administration though oral pathways, which administration 
includes administration in capsule, tablet, granule, spray, 
syrup, or other such forms; (b) administration through 
non-oral pathways, which administration includes adminis- 
tration as an aqueous suspension, an oily preparation or the 
like or as a drip, suppository, salve, ointment or the like; 
administration via injection, subcutaneously, intraperito- 
neally, intravenously, intramuscularly, intradermally, or the 
Kke; as well as (c) administration topically, (d) administra- 
tion rectaUy, or (e) administration vaginally, as deemed 
appropriate by those of skill in the art for bringing the 
compound of the present embodiment into contact with 
living tissue; and (f) administration via controlled released 
formulations, depot formulations, and infusion pump deliv- 
ery. As further examples of such modes of administration 
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and as further disclosure of modes of administration, dis- 
closed herein are various methods for administration of the 
disclosed chemical compounds and pharmaceutical compo- 
sitions including modes of administration through intraocu- 
lar, intranasal, and intraauricular pathways. 
[0247] The pharmaceutically effective amount of the com- 
positions that include the described compounds, including 
those of Formulae I-V, required as a dose will depend on the 
route of administration, the type of animal, including 
human, being treated, and the physical characteristics of the 
specific animal under consideration. The dose can be tai- 
lored to achieve a desired effect, but will depend on such 
factors as weight, diet, concurrent medication and other 
factors which those skilled in the medical arts wiU recog- 
nize. 

[0248] In practicing the methods of the embodiment, the 
products or compositions can be used alone or in combina- 
tion with one another, or in combination with other thera- 
peutic or diagnostic agents. These products can be utilized in 
vivo, ordinarily in a mammal, preferably in a human, or in 
vitro. In employing them in vivo, the products or composi- 
tions can be administered to the mammal in a variety of 
ways, including parenterally, intravenously, subcutaneously, 
intramuscularly, colonically, rectally, vaginally, nasally or 
intraperitoneally, employing a variety of dosage forms. Such 
methods may also be applied to testing chemical activity in 
vivo. 

[0249] As will be readily apparent to one skilled in the art, 
the useful in vivo dosage to be administered and the par- 
ticular mode of administration will vary depending upon the 
age, weight and mammalian species treated, the particular 
compounds employed, and the specific use for which these 
compounds are employed. The determination of effective 
dosage levels, that is the dosage levels necessary to achieve 
the desired result, can be accomplished by one skilled in the 
art using routine pharmacological methods. Typically, 
human clinical applications of products are commenced at 
lower dosage levels, with dosage level being increased until 
the desired effect is achieved. Alternatively, acceptable in 
vitro studies can be used to establish useful doses and routes 
of administration of the compositions identified by the 
present methods using established pharmacological meth- 
ods. 

[0250] In non-human animal studies, applications of 
potential products are commenced at higher dosage levels, 

with dosage being decreased until the desired effect is no 
longer achieved or adverse side effects disappear. The dos- 
age may range broadly, depending upon the desired affects 
and the therapeutic indication. Typically, dosages may be 
between about 10 microgram/kg and 100 mg/kg body 
weight, preferably between about 100 microgram/kg and 10 
mg/kg body weight. Alternatively dosages may be based and 
calculated upon the surface area of the patient, as understood 
by those of skill in the art. Administration is preferably oral 
on a daily or twice daily basis. 

[0251] The exact formulation, route of administration and 
dosage can be chosen by the individual physician in view of 
the patient's condition. See for example, Fingl et al., in The 
Pharmacological Basis of Therapeutics, 1975, which is 
incorporated herein by reference in its entirety. It should be 
noted that the attending physician would know how to and 
when to terminate, interrupt, or adjust administration due to 



toxicity, or to organ dysfunctions. Conversely, the attending 
physician would also know to adjust treatment to higher 
levels if the clinical response were not adequate (precluding 
toxicity). The magnitude of an administrated dose in the 
management of the disorder of interest will vary with the 
severity of the condition to be treated and to the route of 
administration. The severity of the condition may, for 
example, be evaluated, in part, by standard prognostic 
evaluation methods. Further, the dose and perhaps dose 
frequency, will also vary according to the age, body weight, 
and response of the individual patient. A program compa- 
rable to that discussed above may be used in veterinary 
medicine. 

[0252] Depending on the specific conditions being treated, 
such agents may be formulated and administered systemi- 
cally or locally. A variety of techniques for formulation and 
administration may be found in Remington's Pharmaceuti- 
cal Sciences, 18th Ed., Mack Publishing Co., Easton, Pa. 
(1990), which is incorporated herein by reference in its 
entirety. Suitable administration routes may include oral, 
rectal, transdermal, vaginal, transmucosal, or intestinal 
administration; parenteral delivery, including intramuscular, 
subcutaneous, intramedullary injections, as well as intrath- 
ecal, direct intraventricular, intravenous, intraperitoneal, 
intranasal, or intraocular injections. 

[0253] for injection, the agents of the embodiment may be 
formulated in aqueous solutions, preferably in physiologi- 
cally compatible buffers such as Hanks' solution, Ringer's 
solution, or physiological saline buffer. For such transmu- 
cosal administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such penetrants 
are generally known in the art. Use of pharmaceutically 
acceptable carriers to formulate the compounds herein dis- 
closed for the practice of the embodiment into dosages 
suitable for systemic administration is within the scope of 
the embodiment. With proper choice of carrier and suitable 
manufacturing practice, the compositions disclosed herein, 
in particular, those formulated as solutions, may be admin- 
istered parenterally, such as by intravenous injection. The 
compounds can be formulated readily using pharmaceuti- 
cally acceptable carriers well known in the art into dosages 
suitable for oral administration. Such carriers enable the 
compounds of the embodiment to be formulated as tablets, 
pills, capsules, liquids, gels, syrups, slurries, suspensions 
and the like, for oral ingestion by a patient to be treated. 

[0254] Agents intended to be administered intracellularly 
may be administered using techniques well known to those 
of ordinary skill in the art. For example, such agents may be 
encapsulated into liposomes, then administered as described 
above. All molecules present in an aqueous solution at the 
time of liposome formation are incorporated into the aque- 
ous interior. The liposomal contents are both protected from 
the external micro-environment and, because liposomes fuse 
with cell membranes, are efiSciently delivered into the cell 
cytoplasm. Additionally, due to their hydrophobicity, small 
organic molecules may be directly administered intracellu- 

[0255] Determination of the effective amounts is well 
within the capability of those skilled in the art, especially in 
light of the detailed disclosure provided herein. In addition 
to the active ingredients, these pharmaceutical compositions 
may contain suitable pharmaceutically acceptable carriers 
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comprising excipients and auxiliaries which facilitate pro- 
cessing of the active compounds into preparations which can 
be used pharmaceutically. The preparations formulated for 
oral administration may be in the form of tablets, dragees, 
capsules, or solutions. The pharmaceutical compositions 
may be manufactured in a manner that is itself known, for 
example, by means of conventional mixing, dissolving, 
granulating, dragee-making, levitating, emulsifying, encap- 
sulating, entrapping, or lyophilizing processes. 

[0256] Compounds disclosed herein can be evaluated for 
efScacy and toxicity using known methods. For example, the 
toxicology of a particular compound, or of a subset of the 
compounds, sharing certain chemical moieties, may be 
established by determining in vitro toxicity towards a cell 
line, such as a mammalian, and preferably human, cell line. 
The results of such studies are often predictive of toxicity in 
animals, such as mammals, or more specifically, humans. 
Alternatively, the toxicity of particular compounds in an 
animal model, such as mice, rats, rabbits, dogs or monkeys, 
may be determined usmg known methods. The efficacy of a 
particular compound may be established using several art 
recognized methods, such as in vitro methods, animal mod- 
els, or human clinical trials. Ari-recognized in vitro models 
exist for nearly every class of condition, including the 
conditions abated by the compounds disclosed herein, 
including cancer, cardiovascular disease, and various 
immune dysfunction, and infectious diseases. Similarly, 
acceptable animal models may be used to establish efficacy 
of chemicals to treat such conditions. When selecting a 
model to determine efEcacy, the skilled artisan can be guided 
by the state of the art to choose an appropriate model, dose, 
and route of administration, and regime. Of course, human 
clinical trials can also be used to determine the eflScacy of a 
compound in hiunans. 

[0257] When used as an anti-microbial, anti-cancer, or 

anti-inflammatory agent, the compounds disclosed herein 
may be admiiiislcrcd by cither oral or a non-oral pathways. 
When admiiiislcrcd orally, it can be administered in capsule, 
tablet, granule, spray, syrup, or other such form. When 
administered non-orally, it can be administered as an aque- 
ous suspension, an oily preparation or the like or as a drip, 
suppository, salve, ointment or the like, when administered 
via injection, subcutaneously, intraperitoneaUy, intrave- 
nously, intramuscularly, intradermally, or the like. Con- 
trolled release formulations, depot formulations, and infu- 
sion pump delivery are similarly contemplated. 

[0258] The compositions disclosed herein in pharmaceu- 
tical compositions may also comprise a pharmaceutically 
acceptable carrier. Such compositions may be prepared for 
storage and for subsequent administration. Acceptable car- 
riers or diluents for therapeutic use are well known in the 
pharmaceutical art, and are described, for example, in Rem- 
ington's Pharmaceutical Sciences, Mack Publishing Co. (A. 
R. Gennaro edit. 1985). For example, such compositions 
may be formulated and used as tablets, capsules or solutions 
for oral administration; suppositories for rectal or vaginal 
administration; sterile solutions or suspensions for injectable 
administration. Injectables can be prepared in conventional 
forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injec- 
tion, or as emulsions. Suitable excipients include, but are not 
limited to, saline, dextrose, mannitol, lactose, lecithin, albu- 
min, sodium glutamate, cysteine hydrochloride, and the Kke. 



In addition, if desired, the injectable pharmaceutical com- 
positions may contain minor amounts of nontoxic auxiliary 
sub.stances, such as wetting agents, pH buffering agents, and 
the like. If desired, absorption enhancing preparations (for 
example, liposomes), may be utilized. 

[0259] The pharmaceutically effective amount of the com- 
position required as a dose will depend on the route of 
administration, the type of animal being treated, and the 
physical characteristics of the specific animal under consid- 
eration. The dose can be tailored to achieve a desired effect, 
but will depend on such factors as weight, diet, concurrent 
medication and other factors which those skilled in the 
medical arts will recognize. 

[0260] The products or compositions of the embodiment, 
as described above, may be used alone or in combination 
with one another, or in combination with other therapeutic or 
diagnostic agents. These products can be utilized in vivo or 
in vitro. The useful dosages and the most useful modes of 
administration will vary depending upon the age, weight and 
animal treated, the particular compounds employed, and the 
specific use for which these composition or compositions are 
employed. The magnitude of a dose in the management or 
treatment for a particular disorder will vary with the severity 
of the condition to be treated and to the route of adminis- 
tration, and depending on the disease conditions and their 
severity, the compositions may be formulated and adminis- 
tered either systemically or locally. A variety of techniques 
for formulation and administration may be found in Rem- 
ington's Pharmaceutical Sciences, 18th ed., Mack Publish- 
ing Co., Easton, Pa. (1990). 

[0261] To formulate the compounds of Formulae I-V as an 
anti-microbial, an anti-cancer, or an anti-inflammatory 
agent, known surface active agents, excipients, smoothing 
agents, suspension agents and pharmaceuticaUy acceptable 
film-forming substances and coating assistants, and the like 
may be used. Preferably alcohols, esters, sulfated aliphatic 
alcohols, and the like may be used as surface active agents; 
sucrose, glucose, lactose, starch, crystallized cellulose, man- 
nitol, light anhydrous silicate, magnesium aluminate, mag- 
nesium methasilicate aluminate, synthetic aluminum sili- 
cate, calcium carbonate, sodium acid carbonate, calcium 
hydrogen phosphate, calcium carboxymethyl cellulose, and 
the like may be used as excipients; magnesium stearate, talc, 
hardened oil and the like may be used as smoothing agents; 
coconut oil, olive oU, sesame oil, peanut oil, soya may be 
used as suspension agents or lubricants; cellulose acetate 
phthalate as a derivative of a carbohydrate such as cellulose 
or sugar, or methylacetate-methacrylate copolymer as a 
derivative of polyvinyl may be used as suspension agents; 
and plasticizers such as ester phthalates and the like may be 
used as suspension agents. In addition to the foregoing 
preferred ingredients, sweeteners, fragrances, colorants, pre- 
servatives and the like may be added to the administered 
formulation of the compound produced by the method of the 
embodiment, particularly when the compound is to be 
administered orally. 

[0262] The compounds and compositions may be orally or 
non-orally administered to a human patient in the amount of 
about 0.001 mg/kg/day to about 10,000 mg/kg/day of the 
active ingredient, and more preferably about 0.1 mg/kg/day 
to about 100 mg/kg/day of the active ingredient at, prefer- 
ably, one time per day or, less preferably, over two to about 
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ten times per day. Alternatively and also preferably, the 
compound produced by the method of the embodiment may 
preferably be administered in the stated amounts continu- 
ously by, for example, an intravenous drip. Thus, for the 
example of a patient weighing 70 kilograms, the preferred 
daily dose of the active or anti-infective ingredient would be 
about 0.07 mg/day to about 700 gm/day, and more prefer- 
able, 7 mg/day to about 7 grams/day. Nonetheless, as will be 
understood by those of skill in the art, in certain situations 
it may be necessary to administer the anti-cancer, anti- 
inflammatory or the anti-infective compound of the embodi- 
ment in amounts that excess, or even far exceed, the above- 
stated, preferred dosage range to effectively and 
aggressively treat particularly advanced cancerss or infec- 
tions. 

[0263] In the case of using the anti-microbial produced by 
methods of the embodiment as a biochemical test reagent, 
the compound produced by methods of the embodiment 
inhibits the progression of the disease when it is dissolved in 
an organic solvent or hydrous organic solvent and it is 
directly applied to any of various cultured cell systems. 
Usable organic solvents include, for example, methanol, 
methylsulfoxide, and the like. The formulation can, for 
example, be a powder, granular or other solid inhibitor, or a 
liquid inhibitor prepared using an organic solvent or a 
hydrous organic solvent. While a preferred concentration of 
the compound produced by the method of the embodiment 
for use as an anti-microbial, anticancer or anti-tumor com- 
pound is generally in the range of about 1 to about 100 
Uglmi, the most appropriate use amount varies depending on 
the type of cultured cell system and the purpose of use, as 
wiU be appreciated by persons of ordinary skiU in the art. 
Also, in certain applications it may be necessary or preferred 
to persons of ordinary skiU in the art to use an amount 
outside the foregoing range. 

[0264] In one embodiment, the method of using a com- 
pound as an anti-microbial, anti-cancer or anti-inflammatory 
involves administering an effective amount of -any of the 
compounds of Formulae I-V or compositions of those com- 
pounds. In a preferred embodiment, the method involves 
administering the compound represented by Formula II, to a 
patient in need of an anti-microbial, until the need is 
effectively reduced or more preferably removed. 

[0265] As will be understood by one of skill in the art, 
"need" is not an absolute term and merely implies that the 
patient can benefit from the treatment of the anti-microbial, 
the anti-cancer, or anti-inflammatory in use. By "patient" 
what is meant is an organism that can benefit by the use of 
an anti-microbial, anti-cancer or anti-inflammatory agent. 
For example, any organism with B. anthracis, Plasmodium, 
Leishmania, Trypanosoma, and the like, may benefit from 
the application of an anti-microbial that may in turn reduce 
the amount of microbes present in the patient. As another 
example, any organism with cancer, such as, a colorectal 
carcinoma, a prostate carcinoma, a breast adenocarcinoma, 
a non-small cell lung carcinoma, an ovarian carcinoma, 
mukiple myelomas, a melanoma, and the like, may benefit 
from the appHcation of an anti-cancer agent that may in turn 
reduce the amount of cancer present in the patient. Further- 
more, any organism with an inflammatory conditions, such 
as, rheumatoid arthritis, asthma, multiple sclerosis, psoria- 
sis, stroke, myocardial infarction, and the hke, may benefit 
from the application of an anti-inflammatory that may in 



turn reduce the amoimt of cells associated with the inflam- 
matory response present in the patient. In one embodiment, 
the patient's health may not require that an anti-microbial, 
anti-cancer, or anti-inflammatory be administered, however, 
the patient may still obtain some benefit by the reduction of 
the level of microbes, cancer cells, or inflammatory cells 
present in the patient, and thus be in need. In one embodi- 
ment, the anti-microbial or anti-cancer agent is effective 
against one type of microbe or cancer, but not against other 
types; thus, aUowing a high degree of selectivity in the 
treatment of the patient. In other embodiments, the anti- 
inflammatory may be effective against inflammatory condi- 
tions characterized by different cells associated with the 
inflammation. In choosing such an anti-microbial, anti- 
cancer or anti-inflammatory agent, the methods and results 
disclosed in the Examples may be useful. In an alternative 
embodiment, the anti-microbial may be effective against a 
broad spectrum of microbes, preferably a broad spectrum of 
foreign, and, more preferably, harmful bacteria, to the host 
organism. In embodiments, the anti-cancer and/or anti- 
inflammatory agent may be effective against a broad spec- 
trum of cancers and inflammatory conditions/cells/sub- 
stances. In yet another embodiment, the anti-microbial is 
effective against all microbes, even those native to the host. 
Examples of microbes that may be targets of anti-microbials, 
include, but are not limited to, B. anthracis, Plasmodium, 
I.eislununiu, Trypanosoma, and the Hke. In stiU further 
embodiments, the anti-cancer agent is effective against a 
broad spectrum of cancers or aU cancers. Examples of 
cancers, against which the compounds may be effective 
include a colorectal carcinoma, a prostate carcinoma, a 
breast adenocarcinoma, a non-small ceU lung carcinoma, an 
ovarian carcinoma, multiple myelomas, a melanoma, and 
the like. Exemplary inflammatory conditions against which 
the agents are effective include rheumatoid arthritis, asthma, 
multiple sclerosis, psoriasis, stroke, myocardial infarction, 
and the like. 

[0266] "Therapeutically effective amount, ""pharmaceuti- 
cally eftective amount," or similar term, means that amount 
of drug or pharmaceutical agent that will result in a biologi- 
cal or medical response of a cefl, tissue, system, animal, or 
himian that is being sought. In a preferred embodiment, the 
medical response is one sought by a researcher, veterinarian, 
medical doctor, or other clinician. 

[0267] "Anti-microbial" refers to a compound that reduces 
the likelihood of survival of microbes, or blocks or alleviates 
the deleterious effects of a microbe. In one embodiment, the 
likelihood of survival is determined as a function of an 
individual microbe; thus, the anti-microbial wiU increase the 
chance that an individual microbe wiU die. In one embodi- 
ment, the likelihood of survival is determined as a function 
of a population of microbes; thus, the anti-microbial will 
increase the chances that there will be a decrease in the 
population of microbes. In one embodiment, anti-microbial 
means antibiotic or other similar term. Such anti-microbials 
are capable of blocking the harmful effects, destroying or 
suppressing the growth or reproduction of microorganisms, 
such as bacteria. For example, such antibacterials and other 
anti-microbials are described in Antibiotics, Chemothera- 
peutics and Antibacterial Agents for Disease Control (M. 
Grayson, editor, 1982), and E. Gale et al., The Molecular 
Basis of Antibiotic Action 2d edition (1981). In another 
embodiment, an anti-microbial will not change the hkeU- 
hood of survival, but wfll change the chances that the 
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microbes will be harmful to the host in some way. For 
instance, if the microbe secretes a substance that is harmful 
to the host, the anti-microbial may act upon the microbe to 
stop the secretion or may counteract or block the harmful 
effect. In one embodiment, an anti-microbial, while, increas- 
ing the likelihood that the microbe(s) will die, is minimally 
harmful to the surrounding, non-microbial, cells. In an 
alternative embodiment, it is not important how harmful the 
anti-microbial is to surrounding, nonmicrobial, cells, as long 
as it reduces the likelihood of survival of the microbe. 
[0268] "Anti-cancer agent" refers to a compound or com- 
position including the compound that reduces the likelihood 
of survival of a cancer cell. In one embodiment, the likeli- 
hood of survival is determined as a function of an individual 
cancer cell; thus, the anti-cancer agent will increase the 
chance that an individual cancer cell will die. In one 
embodiment, the likelihood of survival is determined as a 
function of a population of cancer cells; thus, the anti-cancer 
agent will increase the chances that there will be a decrease 
in the population of cancer cells. In one embodiment, 
anti-cancer agent means chemotherapeutic agent or other 
similar term. 

[0269] A "chemotherapeutic agent" is a chemical com- 
pound useful in the treatment of a neoplastic disease, such 
as cancer. Examples of chemotherapeutic agents include 
alkylating agents, such as a nitrogen mustard, an ethylene- 
imine and a methylmelamine, an alkyl sulfonate, a 
nitrosourea, and a triazene, folic acid antagonists, anti- 
metabolites of nucleic acid metabolism, antibiotics, pyrimi- 
dine analogs, 5-fluorouracil, cisplatin, purine nucleosides, 
amines, amino acids, triazol nucleosides, corticosteroids, a 
natural product such as a vinca alkaloid, an cpipodophyllo- 
toxin, an antibiotic, an enzyme, a taxane, and a biological 
response modifier; miscellaneous agents such as a platinum 
coordination complex, an anthracenedione, an anthracy- 
cline, a substituted urea, a methyl hydrazine derivative, or an 
adrenocortical suppressant; or a hormone or an antagonist 
such as an adrenocorticosteroid, a progestin, an estrogen, an 
antiestrogen, an androgen, an antiandrogen, or a gouadot- 
ropin-releasing hormone analog. Specific examples include 
Adriamycin, Doxorubicin, 5-Fluorouracil, Cytosine arabi- 
noside ("Ara-C"), Cyclophosphamide, Thiotepa, Busulfan, 
Cytoxin, Taxol, Toxotere, Methotrexate, Cisplatin, Mel- 
phalan. Vinblastine, Bleomycin, Etoposide, Ifosfamide, 
Mitomycin C, Mitoxantrone, Vincreistine, Vinorelbine, Car- 
boplatin, Teniposide, Daunomycin, Carminomycin, Ami- 
nopterin, Dactinomycin, Mitomycins, Esperamicins, Mel- 
phalan, and other related nitrogen mustards. Also included in 
this definition are hormonal agents that act to regulate or 
inhibit hormone action on tumors, such as tamoxifen and 
onapristone. 

[0270] The anti-cancer agent may act directly upon a 
cancer cell to kill the cell, induce death of the cell, to prevent 
division of the cell, and the like. Alternatively, the anti- 
cancer agent may indirectly act upon the cancer cell by 
limiting nutrient or blood supply to the cell, for example. 
Such anti-cancer agents are capable of destroying or sup- 
pressing the growth or reproduction of cancer cells, such as 
a colorectal carcinoma, a prostate carcinoma, a breast adeno- 
carcinoma, a non-small cell lung carcinoma, an ovarian 
carcinoma, multiple myelomas, a melanoma, and the Uke. 
[0271] A "neoplastic disease" or a "neoplasm" refers to a 
cell or a population of cells, including a tumor or tissue 



(including cell suspensions such as bone marrow and fluids 
such as blood or serum), that exhibits abnormal growth by 
cellular proliferation greater than normal tissue. Neoplasms 
can be benign or mahgnant. 

[0272] An "inflammatory condition" includes, for 
example, conditions such as ischemia, septic shock, autoim- 
mune diseases, rheumatoid arthritis, inflammatory bowel 
disease, systemic lupus eythematosus, multiple sclerosis, 
asthma, osteoarthritis, osteoporosis, fibrotic diseases, der- 
matosis, including psoriasis, atopic dermatitis and ultravio- 
let radiation (UV)-induced skin damage, psoriatic arthritis, 
alkylosing spondylitis, tissue and organ rejection, Alzhe- 
imer's disease, stroke, atherosclerosis, restenosis, diabetes, 
glomerulonephritis, cancer, Hodgkins disease, cachexia, 
inflammation associated with infection and certain viral 
infections, including acquired immune deficiency syndrome 
(AIDS), adult respiratory distress syndrome and Ataxia 

[0273] In one emhodimcnl, a described compound, pref- 
erably a compound having the Formulae I-V, including those 
as described herein, is considered an effective anti-micro- 
bial, anti-cancer, or anti-inflammatory if the compound can 
influence 10% of the microbes, cancer cells, or inflammatory 
cells, for example. In a more preferred embodiment, the 
compound is effective if it can influence 10 to 50% of the 
microbes, cancer cells, or inflammatory cells. In an even 
more preferred embodiment, the compound is effective if it 
can influence 50-80% of the microbes, cancer cells, or 
inflammatory cells. In an even more preferred embodiment, 
the compound is effective if it can influence 80-95% of the 
microbes, cancer cells, or inflammatory cells. In an even 
more preferred embodiment, the compound is effective if it 
can influence 95-99% of the microbes, cancer cells, or 
inflammatory ceUs. "Influence" is defined by the mechanism 
of action for each compound. Thus, for example, if a 
compound prevents the reproduction of microbes, then 
influence is a measure of prevention of reproduction. Like- 
wise, if a compound destroys microbes, then influence is a 
measure of microbe death. Also, for example, if a compound 
prevents the division of cancer cells, then influence is a 
measure of prevention of cancer cell division. Further, for 
example, if a compound prevents the proliferation of inflam- 
matory ceUs, then influence is a measure of prevention of 
inflammatory ceU proliferation. Not aU mechanisms of 
action need be at the same percentage of effectiveness. In an 
alternative embodiment, a low percentage effectiveness may 
be desirable if the lower degree of effectiveness is offset by 
other factors, such as the specificity of the compound, for 
example. Thus a compound that is only 10% effective, for 
example, but displays httle in the way of harmful side- 
eftects to the host, or non-harmful microbes or cells, can still 
be considered effective. 

[0274] In one embodiment, the compounds described 
herein are administered simply to remove microbes, cancer 
cells or inflammatory cells, and need not be administered to 
a patient. For example, in situations where microbes can 
present a problem, such as in food products, the compounds 
described herein can be administered directly to the products 
to reduce the risk of microbes in the products. Alternatively, 
the compounds can be used to reduce the level of microbes 
present in the surrounding environment, such working sur- 
faces. As another example, the compounds can be adminis- 
tered ex vivo to a ceU sample, such as a bone marrow or stem 
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cell transplant to ensure that only non-cancerous cells are 
introduced into the recipient. After the compounds are 
administered they may optionally be removed. This may be 
particularly desirable in situations where work surfaces or 
food products may come into contact with other surfaces or 
organisms that could risk being harmed by the compounds. 
In an alternative embodiment, the compounds may be left in 
the food products or on the work surfaces to allow for a more 
protection. Whether or not this is an option will depend upon 
the relative needs of the situation and the risks associated 
with the compound, which in part can be determined as 
described in the Examples below. 

[0275] The following non-limiting examples are meant to 
describe the preferred embodiments of the methods. Varia- 
tions in the details of the particular methods employed and 
in the precise chemical compositions obtained will undoubt- 
edly be appreciated by those of skill in the art. 

EXAMPLES 

Example 1 

Fermentation of Compound of Formulae 11-16 
11-20. and II-24C 
[0276] Strain CNB476 was grown in a 500-ml flask con- 
taining 100 ml of vegetative medium consisting of the 
following per liter of deionized water: glucose, 4 g; Bacto 
tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt 
(Instant Ocean, Aquarium Systems), 30 g. The first seed 
culture was incubated at 28 degree C. for 3 days on a rotary 
shaker operating at 250 rpm. Four ml each of the first seed 
culture was inoculated into three 500-mI flasks containing of 
100 ml of the vegetative medium. The second seed cultures 
were incubated at 28 degree C. and 250 qim on a rotary 
shaker for 2 days. Four ml each of the second seed culture 
was inoculated into thirty-five 500-ml flasks containing of 
100 ml of the vegetative medium. The third seed cultures 
were incubated at 28 degree and 250 rpm on a rotary shaker 
for 2 days. Four ml each of the third seed culture was 
inoculated into four hundred 500-ml flasks containing 100 
ml of the production medium consisting of the following per 
liter of deionized water: starch, 10 g; yeast extract, 4 g; 
Hy-Soy, 4 g; ferric sulfate, 40 mg; potassium bromide, 100 
mg; calcium carbonate, 1 g; and synthetic sea salt (Instant 
Ocean, Aquarium Systems), 30 g. The production cultures 
were incubated at 28 degree C. and 250 rpm on roatry 
shakers for 1 day. Approximately 2 to 3 grams of sterile 
Amberlite XAD-7 resin were added to the production cul- 
tures. The production cultures were further incubated at 28 
degree C. and 250 rpm on rotary shakers for 5 days. The 
culture broth was filtered through cheese cloth to recover the 
Amberlite XAD-7 resin. The resin was extracted with 2 
times 6 liters ethyl acetate followed by 1 time 1.5 liters ethyl 
acetate. The combined extracts were dried in vacuo. The 
dried extract, containing 3.8 grams the compound of For- 
mula 11-16 and lesser quantities of compounds of formulae 
11-20 and II-24C, was then processed for the recovery of the 
compounds of Formula 11-16, 11-20 and II-24C. 

Example 2 

Purification of Compound of Formulae 11-16, 11-20 
and II-24C 

[0277] The pure compounds of Formulae 11-16, 11-20 and 
II-24C were obtained by flash chromatography foUowed by 



HPLC. Eight grams crude extract containing 3.8 grams of 
the compound of Formula 11-16 and lesser quantities of 11-20 
and 11-24C was processed by flash chromatography using 
Biotage Flash40i system and Flash 40M cartridge (KP-Sil 
Silica, 32-63 fim, 90 grams). The flash chromatography was 
developed by the following step gradient: 

[0278] 1. Hexane (1 L) 

[0279] 2. 10% Ethyl acetate in hexane (1 L) 

[0280] 3. 20% Ethyl acetate in hexane, first elution (1 
L) 

[0281] 4. 20% Ethyl acetate in hexane, second elution 
(IL) 

[0282] 5. 20% Ethyl acetate in hexane, third elution 
(1 L) 

[0283] 6. 25% Ethyl acetate in hexane (1 L) 

[0284] 7. 50% Ethyl acetate in hexane (1 L) 

[0285] 8. Ethyl acetate (1 L) 

[0286] Fractions containing the compound of Formula 
11-16 in greater or equal to 70% UV purity by HPLC were 
pooled and subject to HPLC purification, as described 
below, to obtain 11-16, along with 11-20 and II-24C, each as 
piu-e compoimds 



Column Phenomenex Luna lOu Silica 

Dimensions 25 cm x 21.2 mm ID 
Flow rate 25 ml/min 

Detection ELSD 

Solvent Gradient of 24% EtOAc/hexane for 19 min, 

24% EtOAc/hexane to 100% EtOAc in 1 min, 
then 100% EtOAc for 4 min 



[0287] The fraction enriched in compound of Formula 
11-16 (described above; -70% pure with respect to 11-16) 
was dissolved in acetone (60 mg/ml). Aliquots (950 ul) of 
this solution were injected onto a normal-phase HPLC 
column using the conditions described above. The com- 
pound of Formula 11-16 eluted at about 14 minutes, and 
minor compounds n-24C and 11-20 eluted at 11 and 23 
minutes, respectively. Fractions containing 11-16, 11-24C, 
and 11-20 were pooled based on composition of compound 
present. Fractions containing the desired compounds were 
concentrated under reduced pressure to yield pure com- 
pound of Formula 11-16, as well as separate firactions con- 
taining II-24C and 11-20, which were further purified as 
described below. 

[0288] Sample containing 11-24C (70 mg) was dissolved in 
acetonitrile at a concentration of 10 mg/ml, and 500 /A was 
loaded on an HPLC column of dimensions 21 mm i.d. by 15 
cm length containing Eclipse XDB-C18 support. The sol- 
vent gradient increased linearly from 15% acetonitrile/85% 
water to 100% acetonitrile over 23 minutes at a flow rate of 
14.5 ml/min. The solvent composition was held at 100% 
acetonitrile for 3 minutes before returning to the starting 
solvent mixture. Compound II-24C eluted at 19 minutes as 
a pure compound under these conditions. 
[0289] To obtain pure compound 11-20, the enriched 
samples generated from the preparative HPLC method 
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described above were triturated with EtOAc to remove 
minor lipophilic impurities. The resulting sample contained 
compound 11-20 in >95% purity. 

[0290] Compound of Formula 11-16: UV (Acetonitrile/ 
H2O) 225(sh) nm. Low Res. Mass: m/z 314 (M+H), 
336 (M+Na). 

[0291] Compound of Formula 11-20: UV (Acetonitrile/ 
H2O) X^,, 225(sh) nm. Low Res. Mass: m/z 266 (M+H). 
FIG. 7 depicts the 1 H NMR spectrum of a compound 
having the structure of Formula 11-20. 

[0292] Compound of Formula II-24C: UV (Acetonitrile/ 
H2O) K,^ 225(sh) nm. Low Res. Mass: m/z 328 (M+H), 
350 (M+Na). FIG. 8 depicts the IH NMR spectrum of a 
compound having the structure of Formula II-24C. 

Example 3 

Fermentation of Compounds of Formulae 11-17 and 
n-18 

[0293] Strain CNB476 was grown in a 500-ml flask con- 
taining 100 nil of the first vegetative medium consisting of 
the I'ollowing per liter of deionized water: glucose, 4 g; 
Bacto tryptune, 3 g; Bacto casitone, 5 g; and synthetic sea 
salt (Instant Ocean, Aquarium Systems), 30 g. The first seed 
culture was incubated at 28 degree C. for 3 days on a rotary 
shaker operating at 250 rpm. Five ml of the first seed culture 
was inoculated into a 500-ml flask containing 100 ml of the 
second vegetative medium consisting of the following per 
liter of deionized water: starch, 10 g; yeast extract, 4 g; 
peptone, 2 g; ferric sulfate, 40 mg; potassium bromide, 100 
mg; calcium carbonate, 1 g; and sodium bromide, 30 g. The 
second seed cultures were incubated at 28° C. for 7 days on 
a rotary shaker operating at 250 rpm. Approximately 2 to 3 
gram of sterile Amberlite XAD-7 resin were added to the 
second seed culture. The second seed culture was further 
incubated at 28° C. for 2 days on a rotary shaker operating 
at 250 rpm. Five ml of the second seed culture was inocu- 
lated into a 500-ml flask containing 100 ml of the second 
vegetative medium. The third seed culture was incubated at 
28° C. for 1 day on a rotary shaker operating at 250 rpm. 
Approximately 2 to 3 gram of sterile AmberUte XAD-7 resin 
were added to the third seed culture. The third seed culture 
was further incubated at 28° C. for 2 days on a rotary shaker 
operating at 250 rpm. Five ml of the third culture was 
inoculated into a 500-ml flask containing 100 ml of the 
second vegetative medium. The fourth seed culture was 
incubated at 28° C. for 1 day on a rotary shaker operating at 
250 rpm. Approximately 2 to 3 gram of sterile Amberlite 
XAD-7 resin were added to the fourth seed culture. The 
fourth seed culture was further incubated at 28° C. for 1 day 
on a rotary shaker operating at 250 rpm. Five ml each of the 
fourth seed culture was inoculated into ten 500-ml flasks 
containing 100 ml of the second vegetative medium. The 
fifth seed cultures were incubated at 28° C. for 1 day on a 
rotary shaker operating at 250 rpm. Approximately 2 to 3 
grams of sterile AmberUte XAD-7 resin were added to the 
fifth seed cultiu-es. The fifth seed cultures were further 
incubated at 28° C. for 3 days on a rotary shaker operating 
at 250 rpm. Four ml each of the fifth seed culture was 
inoculated into one hundred and fifty 500-ml flasks contain- 
ing 100 ml of the production medium having the same 
composition as the second vegetative medium. Approxi- 



mately 2 to 3 grams of sterile Amberlite XAD-7 resin were 
also added to the production culture. The production cultures 
were incubated at 28° C. for 6 day on a rotary shaker 
operating at 250 rpm. The culture broth was filtered through 
cheese cloth to recover the Amberhte XAD-7 resin. The 
resin was extracted with 2 times 3 hters ethyl acetate 
followed by 1 time 1 liter ethyl acetate. The combined 
extracts were dried in vacuo. The dried extract, containing 
0.42 g of the compound Formula 11-17 and 0.16 gram the 
compound of Formula 11-18, was then processed for the 
recovery of the compounds. 

Example 4 

Purification of Compounds of Formula 11-17 and 
11-18 

[0294] The pure compounds of Formula 11-17 and 11-18 
were obtained by reversed-phase HPLC as described below: 



Column ACE 5 C18-HL 

EHmensions IS cm x 21 mm ID 

Flow rate 14.5 ml/min 

Detection 214 nm 

Solvent Gradient of 35% Acetonitrile/65% 

H2O to 90% Acetonitrile/10% ILfi 



[0295] Crude extract (100 mg) was dissolved in 15 ml of 
acetonilrilc. Aliquols (900 ul) of this solution were injected 
onto a reversed-phase HPLC column using the conditions 
described above. Compounds of Formulae 11-17 and 11-18 
eluted at 7.5 and 9 minutes, respectively. Fractions contain- 
ing the pure compounds were first concentrated using nitro- 
gen to remove organic solvent. The remaining solution was 
then frozen and lyophilized to dryness. 

[0296] Compound of Formula 11-17: UV (Acetonitrile/ 
H2O) 225(sh) nm. High Res. Mass (APCl): m/z 

280.156 (M+H), A^.,,^.=2.2 ppm, Ci5H-,--N04 FIG. 49 
depicts the ^H NMR spectrum of a compound having the 
structure of Formula 11-17. 

[0297] Compound of Formula 11-18: UV (Acetonitrile/ 
H2O) 225(sh) nm. High Res. Mass (APCI): m/z 

358.065 (M+H), A<^i^=-1.9 ppm, CisH2iN04Br. FIG. 50 
depicts the ^H NMR spectrum of a compound having the 
structure of Formula 11-18. 

Example 5 

Preparation of Compound of Formula 11-19 from 
n-16 

[0298] A sample of compound of Formula 11-16 (250 mg) 
was added to an acetone solution of sodium iodide (1.5 g in 
10 ml) and the resulting mixture stirred for 6 days. The 
solution was then filtered through a 0.45 micron syringe 
filter and injected directly on a normal phase silica HPLC 
column (Phenomenex Luna 10 u Sihca, 25 cmx21.2 mm) in 
0.95 ml aliquots. The HPLC conditions for the separation of 
compound formula 11-19 firom unreacted 11-16 employed an 
isocratic HPLC method consisting of 24% ethyl acetate and 
76% hexane, in which the majority of compound n-19 
eluted 2.5 minutes before compoimd 11-16. Equivalent frac- 
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tions from each of 10 injections were pooled to yield 35 mg 
compound 11-19. Compound 11-19: UV (Acetonitrile/H20) 
225 (sh), 255 (sh) nm; ESMS, m/z 406.0 (M+H); NMR 
in DMSO-de (see FIG. 9). 




11-19 



Example 6 

Synthesis of the Compounds of Formulae II-2, II-3, 
and II-4 

[0299] Compounds of Formulae II-2, II-3 and II-4 can be 

synthesized from compounds of Formulae 11-16, 11-17 and 
11-18, respectively, by catalytic hydrogenation. 

[0300] Exemplary Depiction of Synthesis 




11-16: R = C1 



-continued 




Example 6A 

Catalytic Hydrogenation of Compound of Formula 
11-16 

[0301] Compound of Formula 11-16 (10 mg) was dis- 
solved in acetone (5 mL) in a scintillation vial (20 mL) to 
which was added the 10% (w/w) Pd/C (l-2mg) and a 
magnetic stirrer bar. The reaction mixture was stirred in a 
hydrogen atmosphere at room temperature for about 15 
hours. The reaction mixture was filtered through a 3 cc silica 
column and washed with acetone. The filtrate was filtered 
again through 0.2 //m Gelman Acrodisc to remove any traces 
of catalyst. The solvent was evaporated off from filtrate 
under reduced pressure to yield the compound of Formula 
II-2 as a pure white powder: UV (acetonitrile/H20): 
225 (sh) nm. FIG. 10 depicts the NMR spectrum of the 
compound of Formula 11-2 in DMS0-d6. FIG. 11 depicts 
the low resolution mass spectrum of the compound of 
Formula II-2: m/z 316 (M+H), 338 (M+Na). 

Example 6B 

Catalytic Hydrogenation of Compound of Formula 
11-17 

[0302] Compound of Formula 11-17 (5 mg) was dissolved 
in acetone (3 mL) in a scintillation vial (20 mL) to which 
was added the 10% (w/w) Pd/C (about Img) and a magnetic 
stirrer bar. The reaction mixture was stirred in a hydrogen 
atmosphere at room temperature for about 15 hours. The 
reaction mixture was filtered through a 0.2 /mi Gelman 
Acrodisc to remove the catalyst. The solvent was evaporated 
off from filtrate to yield the compound of Formula II-3 as a 
white powder which was purified by normal phase HPLC 
using the following conditions: 



Column: Phenomenex Luna lOu Silica 

Dimensions: 25 cm x 21.2 mm ID 

Flow rate: 14.5 ml/min 

Detection: ELSD 

Solvent: 5% to 60% EtOAc/Hex for 19 min, 60 to 100% EtOAc in 
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[0303] Compound of Formula II-3 eluted at 22.5 min as a 
pure compound: UV (acetonitrile/H20): }^^^^ 225 (sh) nm. 
FIG. 12 depicts the NMR spectrum of the compound of 
Formula II-3 in DMS0-d6. FIG. 13 depicts the low reso- 
lution mass spectrum of the compound of Formula II-3: m/z 
282 (M+H), 304 (M+Na). 

Example 6C 

Catalytic Hydrogenation of Compound of Formula 
11-18 

[0304] 3.2 mg of compound of Formula 11-18 was dis- 
solved in acetone (3 mL) in a scintillation vial (20 mL) to 
which was added the 10% (w/w) Pd/C (about 1 mg) and a 
magnetic stirrer bar. The reaction mixture was stirred in 
hydrogen atmosphere at room temperature for about 15 
hours. The reaction mixture was filtered through a 0.2 fan 
Gelman Acrodisc to remove the catalyst. The solvent was 
evaporated off from filtrate to yield the compound of For- 
mula II-4 as a white powder which was further purified by 
normal phase HPLC using the following conditions: 



Column: Phenomenex Luna lOu Silica 

Dimensions: 25 cm x 21.2 mm ID 

Detection: ELSD 

Solvent: 5% to 80% EtOAc/Hex for 19 min, 80 to 100% EtOAc in 

1 min, then 4 min at 100% EtOAc 



[0305] Compound of Formula II -4 eluted at 16.5 min as a 
pure compound: UV (acetonitrile/H20): X^^x 225 (sh) nm. 
FIG. 14 depicts the NMR spectrum of the compound of 
Formula II-4 in DMS0-d6. FIG. 15 depicts the low reso- 
lution mass of the compound of Formula II-4: m/z 360 
(M+H), 382 (M+Na). 

Example 7 

Synthesis of the Compounds of Formulae II-5A and 
11-5B 

[0306] Compounds of Formula 11-5A and Formula 1I-5B 
can be synthesized from compound of Formula 11-16 by 
epoxidation with mCPBA. 

[0307] Compound of Formula 11-16 (101 mg, 0.32 mmole) 
was dissolved in methylenechloride (30 mL) in a 100 ml of 
round bottom flask to which was added 79 mg (0.46 mmole) 
of meta-chloroperbenzoic acid (mCPBA) and a magnetic stir 
bar. The reaction mixture was stirred at room temperature 
for about 18 hours. The reaction mixture was poured onto a 
20 cc silica flash column and eluted with 120 ml of CH2CI2, 
75 ml of 1:1 ethyl acetate/hexane and finally with 40 ml of 
100% ethyl acetate. The 1:1 ethyl acatete/hexane fractions 
yield a mixture of diastereomers of epoxyderivatives, For- 
mula II-5A and II-5B, which were separated by normal 
phase HPLC using the foUowing conditions: 



Column Phenomenex Luna lOu Silica 

Dimensions 25 cm x 21.2 mm ID 

Flow rate 14.5 ml/min 

Detection ELSD 



-continued 



Solvent 25% to 80% EtOAc/Hex over 19 min, 

80 to 100% EtOAc in 1 min, 
then 5 min at 100% EtOAc 



[0308] Compound Formula 11-5A (major product) and 
II-5B (minor product) eluted at 21.5 and 19 min, respec- 
tively, as pure compounds. Compound 11-5B was further 
chromatographed on a 3cc silica flash column to remove 
traces of chlorobenzoic acid reagent. 



Chemical Structures: 




CI CI 



II-5A II-5B 

(90%) (10%) 



[0309] Structural Characterization 

[0310] Formula 11-5A: UV (Acetonitrile/H20) X^,^ 225 
(sh) nm. Low Res. Mass: m/z 330 (M+H), 352 (M+Na). 
FIGS. 16-17, respectively depict the IH NMR spectrum of 
Formula 11-5A and the mass spectrum of Formula 11-5A. 
[0311] Formula II-5B: UV (Acetonitrfle/H20) 225 
(sh) nm. Low Res. Mass: m/z 330 (M+H), 352 (M+Na). 
FIGS. 18-19, respectively depict the IH NMR spectrum of 
II-5B and the mass spectrum of II-5B. 

Example 8 

Synthesis of the Compounds of Formulae IV-1 
IV-2, IV-3 and IV-4 Synthesis of Diol Derivatives 
(Formula IV-2) 

[0312] Diols may be synthesized by Sharpless dihydroxy- 
lation using AD mix-a and P: AD mix-a is a premix of four 
reagents, K20s02(0H)4; K2CO3; K3Fe(CN)6; (DHQ)2- 
PHAL [l,4-bis(9-0-dihydroquimne)phthalazine] and AD 
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mix-P is a premix of K20s02(0H)4; K,CO.; K3Fe(CN)6; 
(DHQD)2-PHAL [l,4-bis(9-0-dihydroquinidine)phthala- 
zine] which are commercially available from Aldrich. Did 
can also be synthesized by acid or base hydrolysis of epoxy 
compounds (Formula II-5A and II-5B) which may be dif- 
ferent to that of products obtained in Sharpless dihydroxy- 
lation in their stereochemistry at carbons bearing hydroxyl 
groups 

[0313] Sharpless Dihydroxylation of Compounds 11-16 
11-17 and 11-18 

[0314] Any of the compounds of Formulae 11-16, 11-17 
and 11-18 may be used as the starting compound. In the 
example below, compound of Formula 11-16 is used. I'he 
starting compound is dissolved in t-butanol/water in a round 
bottom flask to which is added AD mix-a or p and a 
magnetic stir bar. The reaction is monitored by silica TLC as 
well as mass spectrometer. The pure diok are obtained by 
usual workup and purification by flash chromatography or 
HPLC. The structures are confirmed by NMR spectroscopy 
and mass spectrometry. In this method both hydroxyl groups 
are on same side. 
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reaction mixture was directly injected on normal phase 
HPLC to obtain compound of Formula IV-3C as a pure 
compound without any work up. The HPLC conditions used 
for the purification were as follows: Phenomenex Luna 10 u 
Silica column (25 cmx21.2 mm ID) with a solvent gradient 
of 25% to 80% EtO Ac/Hex over 19 min, 80 to 100% ElOAc 
in 1 min, then 5 min at 100% EtOAc at a flow rate of 14.5 
ml/min. An ELSD was used to monitor the purification 
process. Compound of Formula IV-3C eluted at about 18 
min (2.2 mg). Compound of Formula IV-3C: UV (Acetoni- 
trile/H^O) 225 (sh) nm; ESMS, m/z 366 (M+H), 388 
(M+Na); NMR in DMSO-dg (FIG. 20) The stereochem- 
istry of the compound of Formula IV-3C was determined 
based on coupling constants observed in the cyclohexane 
ring in 1:1 CgD^/DMSO-dg (FIG. 21) 




CI CI 



II-5A [V-3C 

[0320] Reductive ring opening of epoxides (II-5): The 
compound of Formula is treated with metalhydrides like 
BH3-THF complex to make compound of Formula IV-4. 




ci 

Formula IV-4 



Example 9 

Synthesis of the Compounds of Formulae II-13C 
and II-8C 

[0321] Compound of Formula 11-16 (30 mg) was dis- 
solved in CH2CI2 (6 ml) in a scintillation vial (20 ml) to 
which Dess-Martin Periodinane (122 mg) and a magnetic 
stir bar were added. The reaction mixture was stirred at room 
temperature for about 2 hours. The progress of the reaction 
was monitored by TLC (Hex:EtOAc, 6:4) and analytical 
HPLC. From the reaction mixture, the solvent volume was 
reduced to one third, absorbed on silica gel, poured on top 
of a 20 cc silica flash column and eluted in 20 ml fractions 
using a gradient of Hexane/EtOAc from 10 to 100%. The 
fraction eluted with 30% EtOAc in Hexane contained a 
mixture of rotamers of Formula II-13C in a ratio of 1.5:8.5. 
The mixture was further purified by normal phase HPLC 
using the Phenomenex Luna 10 u Silica column (25 
cmx21.2 mm ID) with a solvent gradient of 25% to 80% 
EtOAcmex over 19 min, 80 to 100% EtOAc over 1 min, 
holding at 100% EtOAc for 5 min, at a flow rate of 14.5 
ml/min. An ELSD was used to monitor the purification 
process. Compound of Formula II-13C eluted at 13.0 and 
13.2 mins as a mixture of rotamers with in a ratio of 1.5:8.5 
(7 mg). Formula II-13C: UV (Acetonitrile/H^O) 226 
(sh) & 300 (sh) nm; ESMS, m/z 312 (M+H)*, 334 (M+Na)*; 
'H NMR in DMSO-dg (see FIG. 22). 

[0322] The rotamer mixture of Formula II-13C (4 mg) was 
dissolved in acetone (1 ml) in a scintillation vial (20 ml) to 
which ii catalytic amount (0.5 mg) of 10% (w/w) Pd/C and 
a magnetic stir bar were added. The reaction mixture was 
stirred in a hydrogen atmosphere at room temperature for 
about 15 hours. The reaction mixture was filtered through a 
0.2 fim Gelman Acrodisc to remove the catalyst. The solvent 
was evaporated from the filtrate to yield compound of 
Formula II-8C as a colorless gum which was further purified 
by normal phase HPLC using a Phenomenex Luna 10 u 
Silica column (25 cmx21.2 mm ID) with a solvent gradient 
of 25% to 80% EtO Ac/Hex over 19 min, 80 to 100% EtOAc 
over 1 min, holding at 100% EtOAc for 5 min, at a flow rate 
of 14.5 ml/min. An ELSD was used to monitor the purifi- 
cation process. Compound of Formula II-8C (1 mg) eluted 
at 13.5 min as a pure compound. Formula II-8C: UV 
(Acetonitrile/H20) 225 (sh) nm; ESMS, m/z 314 

(M+H)*, 336 (M+Na)*; 'H NMR in DMSO-d^ (See FIG. 
23). 




ci 



11-16 
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-continued 




II-13C n-8C 



Example 10 

Synthesis of the Compound of Formulae 11-25 from 
II-13C 

[0323] The rotamer mixture of 1 ormula [[-130 (5 mg) was 
dissolved in dimethoxy ethane (monoglyme; 1.5 ml) in a 
scintillation vial (20 ml) to which water (15 /ul (1% of the 
final solution concentration)) and a magnetic stir bar were 
added. The above solution was cooled to -78° C. on a dry 
ice-acetone bath, and a sodium borohydride solution (3.7 mg 
of NaBH4 in 0.5 ml of monoglyme (created to allow for slow 
addition)) was added drop-wise. The reaction mixture was 
stirred at -78° C. for about 14 minutes. The reaction mixture 
was acidified using 2 ml of 4% HQ solution in water and 
extracted with CH2CI2. The organic layer was evaporated to 
yield mixture of compound of formulae 11-25 and 11-16 in a 
9.5:0.5 ratio as a white solid, which was further purified by 
normal phase HPLC using a Phenomenex Luna 10 u Silica 
column (25 cmx21.2 mm ID). The mobile phase was 24% 
EtOAc/76% Hexane, which was held isocratic for 19 min, 
followed by a linear gradient of 24% to 100% EtOAc over 
1 min, and held at 100% EtOAc for 3 min; the flow rate was 
25 ml/min. An ELSD was used to monitor the purification 
process. Compound of formula 11-25 (1.5 mg) eluted at 
11.64 min as a pure compound. Compound of Formula 
11-25: UV (Acetonitrile/H^O) 225 (sh) nm; ESMS, m/z 
314 (M+H)*, 336 (M+Na)*; NMR in DMSO-d^ (see 
FIG. 24). 




NaBH4, -78° C. 
Monoglyme/l%vs'ater' 



CI 



1I-13C 



-continued 




Cl 



n-25 (95%) 

Example 11 

[0324] Synthesis of the Compound of Formulae 11-21 from 
11-19 

[0325] Acetone (7.5 ml) was vigorously mixed with 5 N 
NaOH (3 ml) and the resulting mixture evaporated to a 
minimum volume in vacuo. A sample of 100 1 of this 
solution was mixed with compound of Formula 11-19 (6.2 
mg) in acetone (1 ml) and the resulting biphasic mixture 
vortexed for 2 minutes. The reaction solution was immedi- 
ately subjected to preparative C18 HPI.C. Conditions for the 
purification involved a Unear gradient if 10% acctonitrile/ 
90% water to 90% acctonitrile/ 10% water over 17 minutes 
using an Ace 5/< C18 IIPI.C column of dimensions 22 mm 
id by 150 mm length. Compound of Formula 11-21 eluted at 
9.1 minutes under these conditions to yield 0.55 mg com- 
pound. Compound of Formula 11-21: UV (Acetonitrile/H20) 
225 (sh), ESMS, m/z 296.1 (M+H); NMR in DMSO-dg 
(see FIG. 25). 




OH 



11-19 11-21 



Example 12 

Synthesis of the Compound of Formulae 11-22 from 
11-19 

[0326] A sample of 60 mg sodiimi propionate was added 
to a solution of compound of Formula 11-19 (5.3 mg) in 
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DMSO (1 ml) and the mixture sonicated for 5 minutes, 
though the sodium propionate did not completely dissolve. 
After 45 minutes, the solution was filtered through a 0.45 [ 
sjTinge filter and purified directly using HPLC. Conditions 
for the purification involved a linear gradient if 10% aceto- 
nitrile/90% water to 90% acetonitrile/ 10% water over 17 
minutes using an Ace 5/i CIS HPLC column of dimensions 
22 mm id by 150 mm length. Under these conditions, 
compound of Formula 11-22 eluted at 12.3 minutes to yield 
0.7 mg compound (15% isolated yield). UV (Acetonitrile/ 
HjO) 225 (sh), ESMS, m/z 352.2 (M+H); NMR in 
DMSO-d_. (see FIG. 26). 




n-19 11-22 



Example 13 

Oxidation of Secondary Hydroxyl Group in 
Compounds of Formulae 11-16, 11-17 and 11-18 and 
Reaction with Hydroxy or Methoxy Amines 

[0327] Any of the compounds of Formulae 11-16, 11-17 
and 11-18 may be used as the starting compound. The 
secondary hydroxyl group in the starting compound is 
oxidized using either of the following reagents: pyridinium 
dichromate (PDC), pyridinium chlorochromate (PCC), 
Dess-Martin periodinane or oxalyl chloride (Swern oxida- 
tion) (Ref: Organic Syntheses, collective volumes 1-VlII). 
Preferably, Dess-Martin periodinane may be used as a 
reagent for this reaction. (Ref: Fenteany G. et al. Science, 
1995, 268, 726-73). The resulting kcto compound is treated 
with hydroxylamine or methoxy amine to generate oximes. 



Examples 

[0328] 




Rs Rs 



11-13 II-9 



Example 14 
Reductive Amination of Keto-Derivative 
[0329] The keto derivatives, for example Formula 11-8 and 
11-13, are treated with sodium cyanoborohydride 
(NaBHgCN) in the presence of various bases to yield amine 
derivatives of the starting compounds which are subse- 
quently hydrogenated with 10% Pd/C, to reduce the 
double bond in the cyclohexene ring. 

Example 

[0330] 




NaBHaCN 



n-13 
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-continued -continued 




11-11 11-12 



Example 15 
Cyclohexene Ring Opening 

[0331] Any compound of Formulae 11-16, 11-17 and 11-18 

may be used as a starting compound. The starting compound 
is treated with OSO4 and NaI04 in THF-HjO solution to 
yield dial derivatives which are reduced to alcohol with 
NaBH^ in the same pot. 

Example 

[0332] 




Starting Compound 



Example 16 

Dehydration of Alcohol Followed by Aldehyde 
Formation at Lactone-Lactam Ring Junction 

[0333] A starting compound of any of Formulae 11-16, 
11-17 or 11-18 is treated with mesylchloride in the presence 
of base to yield a dehydrated derivative. The resulting 
dehydrated compound is treated with OSO4 and NaI04 in 
THF-H2O to yield an aldehyde group at the lactone-lactam 
ring junction. 




Starting Compound 
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Example 17 
Various Reactions oo Aldehyde Derivatives I-l 

[0334] Wittig reactions are performed on the aldehyde 
group using various phosphorus ylides [e.g., (triphenylphos- 
phoranylidene)ethane] to yield an olefin. The double bond in 
the side chain is reduced by catalytic hydrogenation. 

Example 

[0335] 




-continued 




1-3 1-4 

[0336] Reductive amination is performed on the aldehyde 
group using various bases (eg. NH3) and sodiiun cyanoboro- 
hydride to yield amine derivatives. Alternatively, the alde- 
hyde is reduced with NaRH4 to form alcohols in the side 

Example 

[0337] 




i-i 1-5 

[0338] Organometallic addition reactions to the aldehyde 
carbonyl, such as Grignard reactions, may be performed 
using various alkyl magnesium bromide or chloride reagents 
(eg. isopropylmagnesium bromide, phenylmagnesium bro- 
mide) to yield various substituted secondary alcohols. 

Example 

[0339] 



OHC 
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Example 18 
In Vitro Biologj' 

[0340] Initial studies of a compound of Formula 11-16, 
which is also referred to as Salinosporamide A, employed 
the National Cancer Institute (NCI) screening panel, which 
consists of 60 human tumor ceU lines that represent leuke- 
mia, melanoma and cancers of the lung, colon, brain, ovary, 
breast, prostate and kidney. A detailed description of the 
screening procedure can be found at hypertext transfer 
protocol (http://) "dtp.nci.nih.gov/branches/btb/iv- 
clsp.html." 

[0341] In brief, each of the 60 human tumor cell lines were 
grown in RPMI 1640 medium, supplemented with 5% fetal 
bovine serum and 2 mM L-glutamine. Cells were plated at 
their appropriate density in 96-well microtiter plates and 
incubated at 37° C, 5% CO2, 95% air and 100% relative 
humidity. After 24 hours, 100 pL of various 10-fold serial 
dilutions of Salinosporamide A were added to the appropri- 
ate wells containing 100 (aL of cells, resulting in a final 
Salinosporamide A concentration ranging from 10 nM to 
100 /<M. Cells were incubated for an additional 48 hours and 
a sulforhodamine B protein assay was used to estimate ceU 
viability or growth. 



[0342] Three dose response parameters were calculated as 
follows: 

[0343] GI50 indicates the concentration that inhibits 
growth by 50%. 

[0344] TGI indicates the concentration that com- 
pletely inhibits growth. 

[0345] LC50 indicates the concentration that is lethal 
to 50% of the cells. 
[0346] An example of a study evaluating Salinosporamide 
A in the NCI screen is shown in Table 1 below. 
[0347] Data indicate that the mean GI.q value of Salino- 
sporamide A was less than 10 nM. The wide range (>1000- 
fold difiference) observed in both the mean TGI and mean 
LC^ values for the most sensitive and the most resistant 
tumor cell lines illustrates that Salinosporamide A displays 
good selectivity and does not appear to be a general toxin. 
Furthermore, the mean TGI data suggest that Salinospora- 
mide A shows preferred specificity towards melanoma and 
breast cancer cell lines. The assay was repeated and showed 
similar results. 

[0348] The results of the NCI tumor screen show that 
Salinosporamide A: (1) is a potent compound with a mean 
GIjo vidue of <10 nM, and (2) displays good tumor selec- 
tivity of more than 1000-fold difference in both the mean 
TGI and mean LCjo values between the most sensitive and 
resistant tumor cell lines. 
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Table 1 : Relative Sensitivity of the NCI 60 Human Tumor Cell Lines to 
Salinosporamide A 



National Cancer Institute DeveloDmental Therapeutics Program 


NSC! »■ 721267 /I \jMtj: Molar 
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Growth Inhibition of Tumor Cell Lines 

[0349] B16-F10 (ATCC; CRL-6475), DU 145 (ATCC; 
HTB-81), HEK293 (ATCC; CRL-1573), HT-29 (ATCC; 
HTB-38), LoVo (ATCC; CCL-229), MDA-MB-231 (ATCC; 
HTB-26), MIA PaCa-2 (ATCC; CRL-1420), NCI-H292 
(ATCC; CRL-1848), OVCAR-3 (ATCC, HTB-161), 
PANC-1 (ATCC; CRL-1469), PC-3 (ATCC; CRL-1435), 
RPMI 8226 (ATCC; CCL-155) and U266 (ATCC; TIB-196) 
were maintained in appropriate culture media. The cells 
were cultured in an incubator at 37 ° C. in 5% C02 and 95% 
humidified air. 

[0350] For cell growth inhibition assays, B16-F10, DU 
145, HEK293, HT-29, LoVo, MDA-MB-231, MIAPaCa-2, 
NCI-H292, OVCAR-3, PANC-1, PC-3, RPMI 8226 and 
U266 cells were seeded at 1.25xl0\ 5xlO\ 1.5x10**, 5xlO^ 
5xlO^ lxlO^ 2x10^ 4xl0\ 1x10-*, 7.5xl0\ 5xlO\ 2xlO\ 
2.5x10** cells/well respectively in 90 /.d complete media into 
Corning 3904 black-walled, clear-bottom tissue culture 
plates. 20 mM stock solutions of Formula 11-16 were pre- 
pared in 100% DMSO, ahquoted and stored at -80° C. 
Formula 11-16 was serially diluted and added in triplicate to 
the test wells resulting in final concentrations ranging from 
of 20 /uM to 0.2 /uM. The plates were returned to the 
incubator for 48 hours. The final concentration of DMSO 
was 0.25% in all samples. 

[0351] Following 48 hours of drug exposure, 10 ,m1 of 0.2 
mg/ml resazurin (obtained from Sigma-Aldrich Chemical 
Co.) in Mg^*, Ca^* free phosphate buffered saHne was added 
to each well and the plates were returned to the incubator for 
3-6 hoiu-s. Since living cells metabolize Resazurin, the 
fluorescence of the reduction product of Resazurin was 
measured using a Fusion microplate fluorometer (Packard 
Bioscience) with X^^=535 nm and ^^^=590 nm filters. 
Resazurin dye in medium without cells was used to deter- 
mine the background, which was subtracted from the data 
for all experimental weUs. The data were normalized to the 
average fluorescence of the ceUs treated with media +0.25% 
DMSO (100% cell growth) and EC50 values (the drug 
concentration at which 50% of the maximal observed 
growth inhibition is established) were dclciiiiiiicci using a 
standard sigmoidal dose response curve liuiiig algoiilliiii 
(generated by XLfit 3.0, ID Business Solu lions I id or Prism 
3.0, GraphPad Software Inc). 

[0352] The data in Table 2 summarize the growth inhibi- 
tory effects of Formula 11-16 against 13 diverse human and 
mouse tumor cell lines. 



Mean EC^n values of Formula 11-16 aRainst v; 



Human, ovarian adenocarcinoma 

Human, prostate adenocarcinoma 
Human, multiple myeloma 
Human, multiple myeloma 



MDA-MB-231 Human, 



[0353] The EC50 values indicate that Formula 11-16 was 
cytotoxic against B16-F10, DU 145, HEK293, HT-29, 
LoVo, MDA-MB-231, MIAPaCa-2, NCI-H292, OVCAR-3, 
PANC-1, PC-3, RPMI 8226 and U266 cells. 

Example 20 

In vitro Inhibition of Proteasome Activity by For- 
mulae II-2, II-3, II-4, II-5A, II-5B, II-8C, II-13C, 
11-16, 11-17, 11-18, 11-19, 11-20, 11-21, 11-22, II-24C, 
11-25 and IV-3C 
[0354] All the compounds were prepared as 20 mM stock 
solution in DMSO and stored in small aliquots at -80° C. 
Purified rabbit muscle 20S proteasome was obtained from 
CalBiochem. To enhance the chymotrypsin-like activity of 
the proteasome, the assay buffer (20 mM HEPES, pH7.3, 0.5 
niM EDTA, and 0.05% Triton XlOO) was supplemented 
with SDS resuUing in a final SDS concentration of 0.035%. 
The substrate used was suc-LLVY-AMC, a fluorogenic 
peptide substrate specifically cleaved by the chymotrypsin- 
like activity of the proteasome. Assays were performed at a 
proteasome concentration of 1 ^g/ml in a final volume of 
200 fA in 96-well Costar microliter plates. Formula II-2, 
Formula II-4, Formula 11-16, Formula 11-17, Formula 11-18, 
Formula 11-19, Formula 11-21 and Formula 11-22 were tested 
as eight-point dose response ciu^es with final concentrations 
ranging from 500 nM to 158 pM. Formula II-5A, Formula 
II-5B and Formula 11-20 were tested at concentrations 
ranging from 1 //M to 0.32 nM. Formula II-3 was tested as 
an eight-dose response curve with final concentrations rang- 
ing from 10 juM to 3.2 nM, while Formula II-8C, Formula 
11-13C, Formula II-24C, Formula 11-25 and Formula IV-3C 
were tested with final concentrations ranging from 20 fiM to 
6.3nM. The samples were incubated at 37° C. for five 
minutes in a temperature controlled plate reader. During the 
preincubation step, the substrate was diluted 25-fold in 
SDS-conlaining assay bufter. After the preincubation period, 
the reactions were initiated by the addition of 10 fil of the 
diluted substrate and the plates were returned to the plate 
reader. The final concentration of substrate in the reactions 
was 20 ^M. AH data were collected every five minutes for 
more than 1.5 hour and plotted as the mean of triplicate data 
points. The ECjq values (the drug concentration at which 
50% of the maximal relative fluorescence unit is inhibited) 
were calculated by Prism (GraphPad Software) using a 
sigmoidal dose-response, variable slope model. To evaluate 
the activity of the compounds against the caspase-hke 
activity of the 20S proteasomes, reactions were performed as 
described above except that Z-LLE-AMC was used as the 
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peptide substrate. Formulae II-3, II-4, II-5A, II-5B, II-8C, 
II-13C, 11-17, 11-18, 11-20, 11-21. 11-22, II-24C, 11-25 and 
Formula IV-3C were tested at concentrations ranging from 
20 pM to 6.3 nM. Formula II-2 was tested at concentrations 
ranging from 10 /aM to 3.2 nM, while Formula 11-16 and 
Formula 11-19 were tested at concentrations ranging from 5 
fiM to 1.58 nM. For the evaluation of the compounds against 
the trypsin-like activity of the proteasome, the SDS was 
omitted from the assay buffer and Boc-LRR-AMC was used 
as the peptide substrate. Formula 11-20 was tested at con- 
centrations ranging from 5 fiM to 1.6 nM. Formulae II -3, 
II-8C, II-13C, 11-17, 11-21, 11-22, II-24C, 11-25 and IV-3C 
were tested at concentrations ranging from 20 ^M to 6.3 nM. 
For Formulae II-2 and II-5B the concentrations tested 
ranged from 10 ^M to 3.2 nM, while Formulae II-4, II-5A, 
11-16, 11-18 and 11-19 were tested at concentrations ranging 
from 1 fiM to 0.32 nM. 

[0355] Results (mean ECgo values) are shown in Table 3 
and illustrate that among the tested compounds. Formulae 
II-5A, 11-16, 11-18, 11-19, 11-20, 11-21 and 11-22 are the most 
potent inhibitors of the chymotrypsin-like activity of the 20S 
proteasome with ECjg values ranging from 2.2 nM to 7 nM. 
Formulae II-2, II -4, II-5B and 11-17 inhibit the proteasomal 
chymotrypsin-like activity with ECjo values ranging from 
14.2 nM to 87 nM, while the ECjq value of Formula 11-3 is 
927 nM. Formula 11-24C, II-13C and IV-3C inhibited the 
chymotrypsin-like activity with ECjq values of 2.2 //M, 8.2 
/uM and 7.8 fiM respectively. ECjg values lor I'ormulae 
1I-8C^ and 11-25 were greater than 20 fiM. Under the condi- 
tions tested. Formulae II-2, 11-3, II-4, 11-5A, II-5B, II-13C, 
11-16, 11-17, 11-18, 11-19, 11-20, 11-21, 11-22 and II-24C were 
able to inhibit the trypsin-like activity of the 20S protea- 
some. Formulae II-4, II-5A, 11-16, 11-18 and 11-19 inhibited 
the caspase-like activity with ECjo values ranging from 250 
nM to 744 nM, while Formulae II-2, II-5B, 11-17, 11-20, 
11-21, and 11-22 had ECjo values ranging from 1.2 pM to 3.3 

TABLE 3 



5. 11-17, 11-18, 11-19, 11-20, 11-21, 11-22, II-24C, 11-25 and IV-3C 



739 nM 
>20 fiM 
10.7 /iM 



Formula 11-17 



Formula 11-22* 
Formula II-24C* 
Formula 11-25 * 
Formula IV-3C 



13 nM 

318 nM 
720 nM 
308 nM 
3.2 juM 
>20 /M 
>20 jjM 



Salinosporamide A (11-16) Inhibits 
Chymotrypsin-Like Activity of Rabbit Muscle 20S 
Proteasomes 

[0356] The effect of Salinosporamide A (11-16) on pro- 
teasomes was examined using a commercially available kit 
from Calbiochem (catalog no. 539158), which uses a fluo- 
rogenic peptide substrate to measure the activity of rabbit 
muscle 20S proteasomes (Calbiochem 20S Proteasome Kit). 
This peptide substrate is specific for the chymotrypsin-like 
enzyme activity of the proteasome. 

[0357] Omuralide was prepared as a 10 mM stock in 
DMSO and stored in 5 /<L aUquots at -80° C. Salinospora- 
mide A was prepared as a 25.5 mM solution in DMSO and 
stored in aUquots at -80° C. The assay measures the 
hydrolysis of Suc-LLVY-AMC into Suc-LLVY and AMC. 
The released coumarin (AMC) was measured fluorometri- 
cally by using ^^,^=390 nm and X^^=460 nm. The assays 
were performed in a microliter plate (Corning 3904), and 
followed kinetically with measurements every five minutes. 
The instrument used was a Thermo Lab Systems Fluoros- 
kan, with the incubation chamber set to 37° C. The assays 
were performed according to the manufacturer's protocol, 
with the following changes. The proteasome was activated 
as described with SDS, and held on ice prior to the assay. 
Salinosporamide A and Omuralide were serially diluted in 
assay buffer to make an 8-point dose-response curve. Ten 
microliters of each dose were added in triplicate to the assay 
plate, and 190 /iLof the activated proteasome was added and 
mixed. The samples were pre-incubaled in ihe Fluoroskan 
for 5 minutes at 37° C. Substrate was added and the kinetics 
of AMC were followed for one hour. All data were collected 
and plotted as the mean of triphcate data points. The data 
were normalized to reactions performed in the absence of 
Salinosporamide A and modeled in Prism as a sigmoidal 
dose-response, variable slope. 

[0358] Similar to the results obtained for the in vitro 
cytotoxicity (Table 2), Feling, et al., Angew Chem Int Ed 
Engl 42:355 (2003), the ECjo values in the 20S proteasome 
assay showed that Salinosporamide A was approximately 
40-fold more potent than Omuralide, with an average value 
of 1.3 nM versus 49 nM, respectively (FIG. 27). This 
experiment was repeated and the average ECjq in the two 
assays was determined to be 2 nM for Salinosporamide A 
and 52 nM for Omurahde. 

[0359] Salinosporamide A is a potent inhibitor of the 
chymotrypsin-like activity of the proteasome. The ECjq 
values for cytotoxicity were in the 10-200 nM range sug- 
gesting that the ability of Salinosporamide A to induce cell 
death was due, at least in large part, to proteasome inhibi- 
tion. The data suggest that Salinosporamide A is a potent 
small molecule inhibitor of the proteasome. 

Example 22 

Salinosporamide A (II- 16) Inhibition of PGPH 
Activity of Rabbit Muscle 20S Proteasomes 

[0360] Omurahde can inhibit the PGPH activity (also 
known as the caspase-like) of the proteasome; therefore, the 
abiUty of Salinosporamide A to inhibit the PGPH activity of 
purified rabbit muscle 20S proteasomes i 
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commercially available fluorogenic substrate specific for the 
PGPH activity was used instead of the chymotrypsin sub- 
strate supplied in the proteasome assay kit described above. 

[0361] Salinosporamide A (11-16) was prepared as a 20 
mM solution in DMSO and stored in small aliquots at -80° 
C. The substrate Z-LLE-AMC was prepared as a 20 mM 
stock solution in DMSO, stored at -20° C. The source of the 
proteasomes was the commercially available kit from Cal- 
biochem (Cat. #539158). As with the chymotrypsin sub- 
strate, the proteasome can cleave Z-LLE-AMC into Z-LLE 
and free AMC. The activity can then be determined by 
measuring the fluorescence of the released AMC (X^=}90 
nm and X^^=460 nm). The proteasomes were activated with 
SDS and held on ice as per manufacturer's recommendation. 
Salinosporamide A was diluted in DMSO to generate a 
400-fold concentrated 8-point dilution series. 1 he scries was 
diluted 20-fold with assay buffer and preincubatcd with the 
proteasomes as described for the chymotrypsin-like activity. 
After addition of substrate, the samples were incubated at 
37° C, and release of the fluorescent AMC was monitored 
in a fluorimeter. All data were collected and plotted as the 
mean of triplicate points. In these experiments, the ECjq was 
modeled in Prism as normalized activity, where the amount 
of AMC released in the absence of Salinosporamide A 
represents 100% activity. As before, the model chosen was 
a sigmoidal dose-response, with a variable slope. 

[0362] Data revealed that Salinosporamide A inhibited the 
PGPH activity in rabbit muscle 20S proteasomes with an 
ECjO of 350 nM (FIG. 28). A replicate experiment was 
performed, which gave a predicted LC,„ of 610 nM. Ihcsc 
results indicate that Salinosporamide A does block the in 
vitro PGPH activity of purified rabbit muscle 20S protea- 
somes, albeit with lower potency than seen towards the 
chymotrypsin-like activity. 

Example 23 

Inhibition of the Chymotrypsin-Like Activity of 
Human Erythrocyte 20S Proteasomes 

[0363] The abihty of Sahnosporamide A (11-16) to inhibit 
the chymotrypsin-like activity of human erythrocyte 20S 
proteasomes was assessed in vitro. The calculated ECjq 
values ranged from 45 to 247 pM, and seemed to depend 
upon the lot of proteasomes tested (BIOMOL, Cat#SE-221). 
These data indicate that the inhibitory effect of Salinospora- 
mide A is not limited to rabbit skeletal muscle proteasomes. 

[0364] Salinosporamide A was prepared as a 20 mM 
solution in DMSO and stored in small ahquots at -80° C. 

The substrate, suc-LLVY-AMC, was prepared as a 20 mM 
solution in DMSO and stored at -20° C. Human erythrocyte 
20S proteasomes were obtained from BIOMOL (Cat. # 
SE-221). The proteasome can cleave suc-LLVY-AMC into 
suc-LLVY and free AMC and the activity can then be 
determined by measuring the fluorescence of the released 
AMC (X^^=390 nm and X^^=460 nm ). The proteasomes 
were activated by SDS and stored on ice as with the 
experiments using rabbit muscle proteasomes. Sahnospora- 
mide A was diluted in DMSO to generate a 400-fold 
concentrated 8-point dilution series. The series was then 
diluted 20-fold with assay buffer and pre-incubated with 
proteasomes at 37° C. The reaction was initiated with 
substrate, and the release of AMC was foUowed in a 



Fluoroskan microplate fluorimeter. Data were collected and 
plotted as the mean of triplicate points. Data were captured 
kinetically for 3 hours, and indicated that these reactions 
showed linear kinetics in this time regime. The data were 
normalized to reactions performed in the absence of Sali- 
nosporamide A and modeled in Prism as a sigmoidal dose- 
response, variable slope. 

[0365] Replicate experiments performed using human 
erythrocyte proteasomes from separate lots resulted in a 
range of EC50 values between 45 and 250 pM (FIG. 29 
shows a representative experiment). It has been reported that 
20s proteasomes piurified from human erythrocytes are 
highly heterogeneous in subunit composition. Claverol, et 
al., Mol Cell Proteomics 1:567 (2002). The variability in 
these experiments may therefore be due to differences in the 
composition and activity of the human erythrocyte protea- 
some preparations. Regardless, these results indicate that the 
in vitro chymotrypsin-like activity of human erythrocyte 
20s proteasomes is sensitive to Sahnosporamide A. 

Example 24 

Salinosporamide A (II- 16) Specificity 

[0366] A possible mechanism by which Salinosporamide 
A inhibits the proteasome is by the reaction of the |3-lactone 
functionality of Salinosporamide A with the active site 
threonine of the proteasome. This covalent modification of 
the proteasome would block the active site, as this residue is 
essential for the catalytic activity of the proteasome. 
Icntcany, ct al., ./ Biol Chen, 273:8545 ( 1 998). A structurally 
related compound, Lactacystin, has been shown to also 
inhibit cathepsin A (Ostrowska, et al, Int J Biochem Cell 
Biol 32:747 (2000), Kozlowski, et al., Tumour Biol 22:211 
(2001), Ostrowska, et al., Biochem Biophys Res Commun 
234:729 (1997)) and TPPII (Geier, et al.. Science 283:978 
(1999)) but not trypsin, chymotrypsin, papain, calpain 
(Fenteany, et al.. Science 268:726 (1995)), thrombin, or 
plasminogen activator (Omura, et al., J Antibiot (Tokyo) 
44:113 (1991)). Similar studies were initiated to explore the 
specificity of Salinosporamide A for the proteasome by 
evaluating its ability to inhibit the catalytic activity of a 
prototypical serine protease, chymotrypsin. 
[0367] Salinosporamide A was prepared as a 20 mM 
solution in DMSO and stored in small aliquots at -80° C. 
The substrate, suc-LLVY-AMC, was prepared as a 20 mM 
solution in DMSO and stored at -20° C. Proteolytic cleav- 
age of this substrate by either proteasomes or chymotrypsin 
liberates the fluorescent product AMC, which can be moni- 
tored in a fluorimeter (X^,,=390 nm and X^„=460 nm). 
Bovine pancreatic chymnotrypsin was obtained from Sigma 
(Cat. #C-4129), and prepared as a 5 mg/ml solution in assay 
bufl:er (10 mM HEPES, 0.5 mM EDTA, 0.05% Triton 
X-100, pH 7.5) daily. Immediately prior to the assay, the 
chymotrypsin was diluted to 1 //g/ml (0.2 //g/well) in assay 
buffer and held on ice. Salinosporamide A was diluted in 
DMSO to generate an 8-point dose-response curve. The high 
final Salinosporamide A concentrations needed to obtain 
complete inhibition of chymotrypsin required that the 
diluted enzyme be directly added to the compound dilution 
series. The inclusion of 1% DMSO (the final concentration 
of solvent in the test weUs) into the reaction had no signifi- 
cant effect on chymotrypsin activity towards this substrate. 
The reactions were pre-incubated for 5 minutes at 37° C. and 
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the reactions were initiated by the addition of substrate. Data 
were collected kinetically for one hour at 37° C. in the 
Fluoroskan and plotted as the mean of triplicate data points. 
The data were normalized to reactions performed in the 
absence of Salinosporamide A, and modeled in Prism as a 
sigmoidal dose-response, variable slope. Normalized data 
from Salinosporamide A inhibition of the chymotrypsin-like 
activity of rabbit 20S proteasomes has been included on the 
same graph. 

[0368] The average inhibition observed in two experi- 
ments using Salinosporamide A pretreatment of chymot- 
rypsin was 17.5 (FIG. 30 shows a representative experi- 
ment). The data indicate that there is a preference for 
Salinosporamide A-mediated inhibition of the in vitro chy- 
motrypsin-like activity of proteasomes over inhibition of the 
catalytic activity of chymotrypsin. 

[0369] Thus, Salinosporamide A inhibits the chymot- 
rypsin-like and PGPH activity of the proteasome. Prelimi- 
nary studies indicate that Salinosporamide A also inhibits the 
trypsin-like activity of the proteasome with an EC50 value of 
-10 nM (data not shown). 

Example 25 

Inhibition of NF-KB-Mediated Luciferase Activity 
by Formulae II-2, II-4, II-5A. II-5B, II-8C, 
II-13C, 11-16, 11-17, 11-18, 11-19, 11-20, 11-21, 11-22, 
II-24C, 11-25 and IV-3C; HEK293 NF-kB/Lu- 
ciferase Reporter Cell Line 

[0370] The HEK293 NF-KB/luciferase reporter cell line is 
a derivative of the human embryonic kidney cell line 
(ATCC; CRL- 1573) and carries a luciferase reporter gene 
under the regulation of 5xNF-kB binding sites. The reporter 
cell Une was routinely maintained in complete DMEM 
medium (DMEM plus 10%(v/v) Fetal bovine serum, 2 mM 
L-glutamine, 10 mM HEPES and Penicillin/Streptomycin at 
100 lU/ml and 100 fig/ml, respectively) supplemented with 
250 fig/ml G418. When performing the luciferase assay, the 
DMEM basal medium was replaced with phenol-red free 
DMEM basal medium and the G418 was omitted. The cells 
were cultured in an incubator at 37° C. in 5% CO2 and 95% 
humidified air. 

[0371] For NF-KB-mediated luciferase assays, HEK293 
NF-KB/luciferase cells were seeded at 1.5x10^* cells/well in 
90 fil phenol-red free DMEM complete medium into Com- 
ing 3917 white opaque-bottom tissue culture plates. For 
Formula II-2, Formula II-4, Formula II-5A, Formula 11-16 
and Formula 11-18, a 400 fiM starting dilution was made in 
100% DMSO and this dilution was used to generate a 
8-point half log dilution series. This dilution series was 
further diluted 40x in appropriate culture medium and ten fil 
aliquots were added to the test wells in triplicate resulting in 
final test concentrations ranging from 1 fiM to 320 pM. For 
Formula II-3, Formula II-5B, Formula II-8C, Formula 
II-13C, Formula 11-17, Formula 11-20, Formula 11-21, For- 
mula 11-22, Formula II-24C, Formula 11-25 and IV-3C, a 8 
mM starting dilution was made in 100% DMSO and the 
same procedure was followed as described above resulting 
in final test concentrations ranging from 20 ^M to 6.3 nM. 
For Formula 11-19, a 127 /M starting dilution was made in 
100% DMSO and the final test concentrations ranging from 
317 nM to 0.1 nM. The plates were returned to the incubator 



for 1 hour. After 1 hr pretreatment, 10 fil of a 50 ng/ml 
TNF-a solution, prepared in the phenol-red free DMEM 
medium was added, and the plates were incubated for an 
additional 6 hr. The final concentration of DMSO was 0.25% 
in all samples. 

[0372] At the end of the TNF-(X stimulation, 100 fil of 
Steady Lite HTS luciferase reagent (Packard Bioscience) 
was added to each well and the plates were left undisturbed 
for 10 min at room temperature before measuring the 
luciferase activity. The relative luciferase units (RLU) were 
measured by using a Fusion microplate fluorometer (Pack- 
ard Bioscience). The ECjq values (the drug concentration at 
which 50% of the maximal relative luciferase unit inhibition 
is established) were calculated in Prism (GraphPad Soft- 
ware) using a sigmoidal dose response, variable slope 
model. 

[0373] Inhibition of NF-kB Activation by Formulae II-2, 
II-3, II-4, II-5A, II-5B, II-8C, II-13C, 11-16, 11-17, 11-18, 
11-19, 11-20, 11-21, 11-22, II-24C, 11-25 and IV-3C 

[0374] NF-kB regulates the expression of a large number 
of genes important in inflammation, apoptosis, tumorigen- 
esis, and autoimmune diseases. In its inactive form, NF-kB 
complexes with IkB in the cytosol and upon stimulation, 
IkB is phosphorylated, ubiquitinated and subsequently 
degraded by the proteasome. The degradation of IkB leads 
to the activation of NF-kB and its translocation to the 
nucleus. The effects of Formula II-2, Formula II-3, Formula 
II-4, Formula II-5A, Formula II-5B, Formula II-8C, Formula 
II-13C, Formula 11-16, Formula 11-17, Formula 11-18, For- 
mula 11-19, Formula 11-20, Formula 11-21, Formula 11-22, 
Formula II-24C, Formula 11-25 and Formula IV-3C on the 
activation of NF-kB were evaluated by assessing the 
NF-KB-mediated luciferase aclivily in IILK293 NF-kH/Luc 
cells upon TNF-a stimulalioo. 

[0375] Pretreatment of NF-kB/Luc 293 cells with Formula 
II-2, Formula II-4, Formula II-5A, Formula II-5B, Formula 
11-16, Formula 11-17, Formula 11-18, Formula 11-19, Formula 
11-20, Formula 11-21, Formula 11-22 and Formula II-24C 
resulted in a dose-dependent decrease of luciferase activity 
upon TNF-a stimulation. The mean EC50 values to inhibit 
NF-KB-mediated luciferase activity are shown in Table 4 
and demonstrate that compounds of Formula II-2, Formula 
II-4, Formula II-5A, Formula II-5B, Formula 11-16, Formula 
11-17, Formula 11-18, Formula 11-19, Formula 11-20, Formula 
11-21, Formula 11-22 and Formula II-24C inhibited NF-kB 
activity in this ceU-based assay. 

TABLE 4 



Mean EC50 values of Formulae II-2, II-3, II-4, II-5A, II-5B, II-8Q 
11-13C, 11-16, 11-17, 11-18, 11-19, 11-20, 11-21, 11-22, 11-24C, 11-25 
and IV- jC from NF-KB-mediated luciferase reporter gene assay 



Compound EC50 (nM) 



Formula II-2 82 

Formula II-3 >20,000 

Formula II-4 77.7 

Formula II-SA 31.5 

Formula 11-5B 270 

Formula 11-8C* >20,000 

Formula II-13C >20,000 

Formula 11-16 11.8 

Formula 11-17 876 

Formula 11-18 9.5 
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TABLE 4-continued 



Mean EC,„ values of Formulae II-2. II-3. n-4. II- 5A. II-5B. II-8C. 

II i^c II 16 II 17 II IS II m II ^1 II '1 n 11 11 '^ 

and I\ ( Mil I II ^ 



Formula 11-19 8.; 

Formula 11-20* 154 

Formula 11-21* 3,172 

Formula 11-22* 1,046 

Formula II-24C* 5,298 

Formula 11-25* >20,000 

Formula IV-3C >20,000 



Example 26 

Effect of SaKnosporamide A on the NF-kB 
Signaling Pathway 

[0376] Experiments were carried out to study the role of 
Salinosporamide A in the NF-kB signaling pathway. A stable 
HEK293 clone (NF-kB/Luc 293) was generated carrying a 
luciferase reporter gene under the regulation of 5xNF-kB 
binding sites. Stimulation of this cell line with TNF-a leads 
to increased luciferase activity as a result of NF-kB activa- 

[0377] NF-kB/Luc 293 cells were pre-treated with 8-point 
half- log serial dilutions of Salinosporamide A (ranging from 
1 fiM to 317 pM) for 1 hour followed by a 6 hour stimulation 
with TNF-a (10 ng/mL). NF-kB inducible luciferase activ- 
ity was measured at 6 hours. Viability of NF-kB/Luc 293 
cells, after treatment with Salinosporamide A for 24 hr, was 
assessed by the addition of resazurin dye, as previously 
described. 

[0378] Pretreatment of NF-kB/Luc 293 cells with Salino- 
sporamide A resulted in a dose-dependent decrease of 
luciferase activity upon TNF-a stimulation (FIG. 31, right 
y-axis). The calculated EC50 for inhibition of NF-kB/1u- 
ciferase activity was ~7 nM. A cytotoxicity assay was 
simultaneously performed, and showed that this concentra- 
tion of Salinosporamide A did not affect cell viability (FIG. 
31, left y-axis). These representative data suggested that the 
observed decrease in luciferase activity by Salinosporamide 
A treatment was primarily due to an NF-kB mediated- 
signaling event rather than cell death. 

Example 27 

[0379] In addition to the NF-kB luciferase reporter gene 
assay, the effect of Salinosporamide A on the levels of 
phosphorylated-lKBa and total iKBa was evaluated by 
western blot. Endogenous protein levels were assessed in 
both HEK293 cells and the NF-kB/Luc 293 reporter clone. 

[0380] Cells were pre-treated for 1 hour with Salinospora- 
mide A at the indicated concentrations followed by stimu- 
lation with 10 ng/mL of TNF-a for 30 minutes. Antibodies 
against total and phosphorylated forms of iKBa were used to 
determine the endogenous level of each protein and anti- 
Tubuhn antibody was used to confirm equal loading of 

[0381] As shown in FIG. 32, treatment of both cell hnes 
with SaHnosporamide A at 50 and 500 nM not only reduced 



the degradation of total iKBa but also retained the phospho- 
iKBa level when stimulated with TNF-a. These results 
strongly support the mechanism of action of Salinospora- 
mide A as a proteasome inhibitor, which prevents the deg- 
radation of phosphorylated iKBa upon TNF-a stimulation. 

Example 28 

Effect of Salinosporamide A on Cell Cycle 
Regulatory Proteins 

[0382] The ubiquitin-proteasome pathway is an essential 
proteolytic system involved in cell cycle control by regu- 
lating the degradation of cyclins and cyclin-dependent 
kinase (Cdk) inhibitors such as p21 and p27. Pagano, et al., 
Science 269:682 (1995), Kisselev, et al., Chem Biol 8:739 

(2001) , King, et al.. Science 274:1652 (1996). Furthermore, 
p21 and p27 protein levels are increased in the presence of 
proteasome inhibitors. Fukuchi, et al., Biochim BiophysActa 
1451:206 (1999), Takeuchi, et al., Jpn J Cancer Res 93:774 

(2002) . Therefore, western blot analysis was pcrlormcd lo 
evaluate the effect of Salinosporamide A treatment on 
endogenous levels of p21 and p27 using the HEK293 cells 
and the HEK293 NF-KB/Luciferase reporter clone. 
[0383] The Western blots presented in FIG. 33 were 
reprobed using antibodies against p21 and p27 to determine 
the endogenous level of each protein and anti-Tubulin 
antibody was used to confirm equal loading of protein. 

[0384] As shown in FIGS. 33A and 33B, preliminary 
results indicated that p21 and p27 protein levels were 
elevated when both cell Unes were treated with Salinospora- 
mide A at various concentrations. Data showed that Salino- 
sporamide A acts by inhibiting proteasome activity thereby 
preventing the TNF-a induced activation of NF-kB. hi 
addition, this proteasomal inhibition results in the accumu- 
lation of the Cdk inhibitors, p21 and p27, which has been 
reported to sensitize cells to apoptosis. Pagano, et al., supra 
(1995), King, et al., supra (1996). 

Example 29 

Activation of Caspase-3 by Salinosporamide A 
(11-16) 

[0385] To address whether Salinosporamide A induces 
apoptosis, its effect on the induction of Caspase-3 activity 
was evaluated using Jurkat cells (American Type Culture 
Collection (ATCC) TIB-152, human acute T cell leukemia). 
[0386] Jurkat cells were plated at 2x10^ cells/3 mL per 
weU in a 6-well plate and incubated at 37° C, 5% (v/v) COj 
and 95% (v/v) humidity. Salinosporamide A and Mitox- 
antrone (Sigma, St. Louis, Mo. Cat #M6545), were prepared 
in DMSO at stock concentrations of 20 mM and 40 mM, 
respectively. Mitoxantrone is a chemotherapeutic drug that 
induces apoptosis in dividing and non-dividing cells via 
inhibition of DNA synthesis and repair and was included as 
a positive control. Bhalla, et al, Blood 82:3133 (1993). Cells 
were treated with EC50 concentrations (Table 5) and incu- 
bated 19 hours prior to assessing of Caspase-3 activity. Cells 
treated with 0.25% DMSO served as the negative control. 
The cells were collected by centrifugation and the media 
removed. Cell pellets were processed for the Caspase-3 
activity assay as described in the manufacturer's protocol 
(EnzChek Caspase-3 Assay Kit from Molecular Probes 
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(E-13183; see Appendix G, which form a part of this 
application and is also available at hypertext transfer pro- 
tocol on the worldwide web at "probes.com media pis 
mpl3183.pdf.". In brief, cell pellets were lysed on ice, 
mixed with the EnzChek Caspase-3 components in a 96-well 
plate, and then incubated in the dark for 30 minutes prior to 
reading fluorescence of cleaved benzyloxycarbonyl-DEVD- 
AMC using a Packard Fusion with X5^=485 nm and K^^= 
530 nm filters. Protein concentrations for lysates were 
determined using the BCA Protein Assay Kit (Pierce) and 
these values were used for normalization. 

[0387] Data from representative experiments indicate that 
Salinosporamide A treatment of Jurkat cells results in cyto- 
toxicity and activation of Caspase-3 (Table 5, FIG. 34). 

TABLES 



EC50 Values of Salinosporamide A and MitoxanI 
Cytotoxicity against Jurkat Cells 

Jurkat Cells 



Compound EC50 (nM) % max cell kill 

Salinosporamide A 10 97 

Mitoxantrone SO 99 



Example 30 

PARP Cleavage by Salinosporamide A in .Turkat 
Cells 

[0388] In order to assess the ability of Salinosporamide A 
to induce apoptosis in Jurkat cells, cleavage of poly (ADP- 
ribose) polymerase (PARP) was monitored. PARP is a 116 
kDa nuclear protein that is one of the main intracellular 
targets of Caspase-3. Decker, et al., J Biol Chem 275:9043 
(2000), Nicholson, D.W,NatBiotechnol 14:297 (1996). The 
cleavage of PARP generates a stable 89 kDa product, and 
this process can be monitored by western blotting. Cleavage 
of PARP by caspases is a haUmark of apoptosis, and as such 
serves as an excellent marker for this process. 

[0389] Jurkat cells were maintained in RPMI supple- 
mented with 10% Fetal Bovine Serum (FBS) at low density 
(2x10^ cells per mL) prior to the experiment. Cells were 
harvested by centrifugation, and resuspended in media to 
1x10 cells per 3 mL. Twenty mLof the cell suspension were 
treated with 100 nM Salinosporamide A (20 mM DMSO 
stock stored at -80° C), and a 3 mL aliquot removed and 
placed on ice for the Tq sample. Three mL ahquots of the cell 
suspension plus Salinosporamide A were placed in 6-weII 
dishes and returned to the incubator. As a positive control for 
PARP cleavage, an identical cell suspension was treated with 
350 nM Staurosporine, a known apoptosis inducer (Sigma 
S5921, 700 fiM DMSO stock stored at -20° C). Samples 
were removed at 2, 4, 6, 8, and 24 hrs in the case of 
Salinosporamide A treated cells, and at 4 hrs for the Stau- 
rosporine control. For each time point, the cells were recov- 
ered by brief centrifugation, the cells were washed with 400 
fiL of PBS, and the cells pelleted again. After removal of the 
PBS, the pellets were stored at -20° C. prior to SDS PAGE. 
Each cell pellet was resuspended in 100 fiL of NuPAGE 
sample buffer (Invitrogen 46-5030) and 10 fiL of each 
sample were separated on 10% NuPAGE BIS-Tris gels 



(Invitrogen NB302). After electrotransfer to nitrocellulose, 
the membrane was probed with a rabbit polyclonal antibody 
to PARP (Cell Signaling 9542), followed by goat anti-rabbit 
alkaline phosphatase conjugated secondary antibody (Jack- 
son 11-055-045). Bound antibodies were detected colori- 
metrically using BCIP NET (Roche 1681451). 

[0390] The western blot presented in FIG. 35 shows the 
cleavage of PARP within the Jurkat cells in a time-dependent 
fashion. The cleaved form (denoted by the asterisk, *) 
appears in the treated cells between 2 and 4 hrs after 
exposure to Salinosporamide A while the majority of the 
remaining PARP is cleaved by 24 his. The Staurosporine 
treated cells (St) show rapid cleavage of PARP with most of 
this protein being cleaved within 4 hours. These data 
strongly suggest that Salinosporamide A can induce apop- 
tosis in Jurkat cells. 

Example 31 
Anti-Anthrax Activity 

[0391] In order to assay for the ability of Salinosporamide 
A or other compounds to prevent cell death resulting from 
LeTx exposure, RAW264.7 macrophage-Iike cells and 
recombinant LF and PA lethal toxin components were used 
as an in vitro model system assaying for cytotoxicity, as 
described below. 

[0392] RAW264.7 cells (ATCC #TIB-71) were adapted to 
and maintained in Advanced Dulbecco's Modified Eagle 
Medium (Invitrogen, Carlsbad, Calif.) supplemented with 
5% fetal bovine serum (ADMEM, Mediatech, Herndon, Va.) 
at 37° C. in a humidified 5% CO2 incubator. Cells were 
plated overnight in ADMEM supplemented with 5% FBS at 
37° C. in a humidified 5% CO, incubator at a concentration 
of 50,000 cells/well in a 96-v/eU plate. Alternatively, cells 
cultured in DMEM supplemented with 10% fetal calf serum 
were also used and found to be amenable to this assay. 
Media was removed the following moming and replaced 
with serum-free ADMEM with or without Salinosporamide 
A or Omuralide at doses ranging from 1 /uM to 0.5 nM for 
an 8-point dose-response. The compounds were prepared 
from a 1 mg/mL DMSO stock solution and diluted to the 
final concentration in ADMEM. After a 15 minute pre- 
incubation, 200 ng/mL LF or 400 ng/mL PA alone or in 
combination (LeTx) were added to cells. Recombinant LF 
and PA were obtained fi-om list Biological Laboratories and 
stored as 1 mg/mL stock solutions in sterile water containing 
1 mg/ml BSA at -80 ° C. as described by the manufacturer. 
Cells were incubated for 6 hours at 37° C, followed by 
addition of Resazurin as previously described. Plates were 
incubated an additional 6 hours prior to assessing cell 
viability by measuring fluorescence. The data are a summary 
of three experiments with three to six replicates per experi- 
ment and are expressed as the percent viability using the 
DMSO (negative) and the LeTx controls (positive) to nor- 
malize the data using the following equation: % viability= 
100*(observed OD-positive controI)/(negative control-posi- 
tive control). 

[0393] The data represented in FIG. 36 indicate that 
treatment with Salinosporamide A can prevent LeTx-in- 
duced cell death of macrophage-Iike RAW264.7 cells in 
vitro. Treatment of RAW cells with either LF or PA alone or 
Salinosporamide A alone resulted in little reduction in cell 
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viability, whereas treatment with LeTx resulted in approxi- [0397] ECjq values were determined in standard growth 

mately 0.27% cell viability as compared to controls. Sali- inhibition assays using Resazurin dye and 48 hour of drug 
nosporamide A may enhance macrophage survival by inhib- _ ^ <- • j j . • * ^t, , , 

.. ^ , , , / ^ ^ . " , , . , exposure. Results from 2-5 mdependent experiments (Table 

iting the degradation oi specific proteins and decreasing the 

synthesis of cytokines, which will ultimately lead to the 6) show that the EC50 values for Salinosporamide A against 

inhibition of the lethal effects of anthrax toxins in vivo. RPMI 8226 and the prostate cell lines range from 10-37 nM. 

TABLE 6 



RPMI 8226 (11 = S") 



[0394] Although Salinosporamide A treatment alone pro- 
duced very modest cytotoxicity at concentrations of 100 nM 
and above, Ircalment with lower, relatively non-toxic levels 
revcaletl a marketl increase in RAW 264.7 cell viability in 
LeTx treated cells (FIG. 36). For example, the Salinospora- 
mide A+LeTx treated group showed 82% cell-viabihty when 
pretreated with 12 nM Salinosporamide A, which was a 
concentration that showed 96% viability with Salinospora- 
mide A alone. The average EC50 for Salinosporamide A in 
these studies was 3.6 nM. In contrast, Omuralide showed 
relatively little effect on cell viabihty until concentrations of 
1 piM were reached. Even at this high concentration of 
Omuralide, only 37% viability was observed indicating that 
Salinosporamide A is a more potent inliihitoi ol I l I'x- 
induced RAW264.7 cell death. Consistent witli tlicsc data. 
Tang et. al.. Infect Immun 67:3055 (1999), found that the 
EC^ concentrations for MG132 and Lactacystin (the precur- 
sor to Omuralide) in the LeTx assay were 3 ,mM. Taken 
together, these data further illustrate that Salinosporamide A 
is a more potent inhibitor of LeTx-induced cytotoxicity than 
any other compound described to date. 
[0395] Salinosporamide A promoted survival of 
RAW264.7 cells in the presence of LeTx indicating that this 
compound or it's derivatives may be a valuable clinical 
therapeutic for anthrax. In addition, it is worth noting that 
Salinosporamide A is much less cytotoxic on RAW 264.7 
cells than for many tumor cells. 

Example 32 

Activity of Salinosporamide A Against Multiple 
Myeloma and Prostate Cancer Cell Lines 
[0396] NF-?B appears to be critical to the growth and 
resistance to apoptosis in Multiple Myeloma and has also 
been reported to be constitutively active in various prostate 
cancer cell lines (Hideshima T et al. 2002, Shimada K et al. 
2002 and Palayoor S T et al. 1999). NF-kB activity is 
regulated by the proteasomal degradation of its inhibitor 
iKBa. Since Salinosporamide A has been shown to inhibit 
the proteasome in vitro and to interfere with the NF-kB 
signaling pathway, the activity of Salinosporamide A against 
the multiple myeloma cell line RPMI 8226 and the prostate 
cancer cell hnes PC-3 and DU 145 was evaluated. 



[0398] The ability of Salinosporamide A to induce apop- 
tosis in RPMI 8226 and PC-3 cells was evaluated by 
monitoring the cleavage of PARP and Pro-Caspase 3 using 
western blot analysis. Briefly, PC-3 and RPMI 8226 cells 
were treated with 100 nM Salinosporamide A (2345R01) for 
0, 8 or 24 hours. Total protein lysates were made and 20 fig 
of the lysates were then resolved under reducing/denaturing 
conditions and blotted onto nitrocellulose. The blots were 
then probed with anti-PARP or anti-caspase 3 antibodies 
followed by stripping and reprobing with an anti-actin 
antibody. 

[0399] Results of these experiments illustrate that Salino- 
sporamide A treatment of RPMI 8226 ceUs leads to the 
cleavage of PARP and Pro-caspase 3 in a time-dependent 
manner (FIG. 37). RPMI 8226 cells seem to be more 
sensitive to Salinosporamide A than PC-3 cells since the 
induction of PARP cleavage is already noticeable at 8 hours 
and complete by 24 hours. In contrast, in PC-3 cells the 
cleavage of PARP is noticeable at 24 hours, while the 
cleavage of Pro-Caspase 3 is not detected in this experiment 
(FIG. 37). 

[0400] RPMI 8226 cells were used to evaluate the effect of 
treating the cells for 8 hours with various concentrations of 
Salinosporamide A. Briefly, RPMI 8226 ceUs were treated 
with varying concentrations of Salinosporamide A 
(2345R01) for 8 hours and protein lysates were made. 25 fig 
of the lysates were then resolved under reducing/denaturing 
conditions and blotted onto nitrocellulose. The blots were 
then probed with anti-PARP or anti-caspase 3 antibodies 
followed by stripping and reprobing with an anti-actin 
antibody. FIG. 38 demonstrates that Salinosporamide A 
induces a dose-dependent cleavage of both PARP and Pro- 
Caspase 3. 

Example 33 

Growth Inhibition of Human Multiple Myeloma by 

Formulae 11-2, 11-3, 11-4, 11-5A, 11-5B, II-8C, 
II-13C, 11-16, 11-17, 11-18, 11-19, 11-20, and IV-3C; 
RPMI 8226 and U266 Cells 

[0401] The human multiple myeloma cell hnes, RPMI 
8226 (ATCC; CCL-155) and U266 (ATCC; TIB-196) were 
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maintained in appropriate culture media. The cells were 
cultured in an incubator at 37° C. in 5% CO^ and 95% 
humidified air. 

[0402] For cell growth inhibition assays, RPMI 8226 cells 
and U266 were seeded at 2x10^* and 2.5x10"* cells/well 
respectively in 90 (A complete media into Corning 3904 
black-walled, clear-bottom tissue culture plates. 20 mM 
stock solutions of the compounds were prepared in 100% 
DMSO, aliquoted and stored at -80° C. The compounds 
were serially diluted and added in triplicate to the test wells. 
The final concentration range of Formula II-3, II-8C, II-5B, 
11-13C, 11-17, 1 V-3C and 11-20 were from 20 to 6.32 nM. 
The final concentration of Formula 11-16, 11-18 and 11-19 
ranged from 632 nM to 200 pM. The final concentration 



(generated by XLfit 3.0, ID Business Solutions Ltd). The 
data are summarized in Tables 13 and 15. 

Example 34 

Salinosporamide A (11-16) Retains Activity Against 
the Multi-Drug Resistant Cell Lines MES-SA/Dx5 
and HL-60/MX2 

[0404] The EC50 values of Salinosporamide A against the 
human uterine sarcoma MES-SAcell line and its multidrug- 

resistant derivative MES-SA/Dx5 were determined to evalu- 
ate whether Salinosporamide A retains activity against a cell 
line overexpressing the P-glycoprotein efQux pump. Pacli- 
taxel, a known substrate for the P-glycoprotein pump was 
included as a control. 

TABLE 7 



EC5Q values of Salinosporamide A against MES-SA and the drug-iesistant derivative 
MES-SA/DxS 

MES-SA MES-SAT^xS 

EC50 (nM), % cytotoxicity, EC50 (nM), % cytotoxicity. Fold 
mean mean ± SD mean ± SD mean ± SD change 



Salinosporamide A 20±S 94 ±1 23 ±1 92 ±2 1.2 

Paclitaxel 5 ± 2 63 ± 7 2040 ± ISO 78 ± 1 408 



range of Formula II -2, II -4 and II-5A were from 2 ,mM to 632 
pM. The final concentration of DMSO was 0.25% in all 

[0403] Following 48 hours of drug exposure, 10 /A of 0.2 
mg/ml resazurin (obtained from Sigmna-Aldrich Chemical 
Co.) in Mg^*, Ca^* free phosphate buffered saline was added 
to each well and the plates were returned to the incubator for 
3-6 hours. Since living ceUs metabolize Resazurin, the 
fluorescence of the reduction product of Resazurin was 
measured using a Fusion microplate fluorometer (Packard 
Bioscience) with X.^,;=535 nm and ^^^=590 nm fihers. 
Resazurin dye in medium without cells was used to deter- 
mine the background, which was subtracted from the data 
for all experimental wells. The data were normalized to the 
average fluorescence of the cells treated with media +0.25% 
DMSO (100% cell growfli) and EC50 values (the drug 
concentration at which 50% of the maximal observed 



[0405] Results from these growth inhibition assays (Table 
7) show that, as expected, Paclitaxel did not retain its 
activity against MES-SA/Dx5 cells as reflected by the 408 
fold increase in the ECjq values. EC50 values for Salino- 
sporamide A against MES-SA and MES-SA/Dx5 were simi- 
lar. This illustrates that Salinosporamide A is able to inhibit 
the growth of the multi-drug resistant cell line MES-SA/Dx5 
suggesting that Salinosporamide A does not seem to be a 
substrate for the P-glycoprotein efQux pump. 

[0406] In addition, Salinosporamide A was evaluated 
against HL-60/MX2, the drug resistant derivative of the 
human leukemia cefl line, HL-60, characterized by having a 
reduced Topoisomerase 11 activity and considered to have 
atypical multidrug resistance. EC50 values for growth inhi- 
bition were determined for Salinosporamide A against the 
HL-60 and HL-60/MX2. The DNA binding agent Mitox- 
antrone was included as a control, as HL-60/MX2 cells are 
reported to be resistant to this chemotherapeutic agent 
(Harker W. G. et al. 1989). 

TABLE 8 



EC50 values of Salinosporamide A against HL-60 and the 

drug resistant derivative HL-60/MX2 



Salinosporamide A 27, 30 88, 91 28, 25 84, 89 1.0, 0.8 

Mitoxantrone 59, 25 98, 100 1410, 827 98, 99 24, 33 



growth inhibition is established) were determined using a [0407] The data in Table 8 reveals that SaHnosporamide A 
standard sigmoidal dose response curve fitting algorithm was able to retain its activity against HL-60/MX2 cells 
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relative to HL-60 cells, indicating that Salinosporamide Ais 
active in cells expressing reduced Topoisomerase II activity. 
In contrast, Mitoxantrone was about 29 fold less active 
against HL-60/MX2 cells. 



± standard deviation v 



Salinosporamide A and Several Analogs: Structure 
Activity Relationship 

[0408] To establish an initial structure activity relationship 
(SAR) for Salinosporamide A, a series of Salinosporamide 
A analogs were evaluated against the multiple myeloma cell 
line RPMI 8226. EC50 values were determined in standard 
growth inhibition assays using Resazurin dye and 48 hour of 
drug exposure. 

[0409] The results of this initial series of SAR (fable 9) 
indicate that the addition of a halogen group to the ethyl 
group seems to enhance the cytotoxic activity. 



Initial SAR series of Salinosporamide A 
EC3„ 

Compound jiM (mean ± % Cytotoxicity 

No. Molecular Structure SD) (mean ± SD) 

11-16 /\ 0.007 ± 0.0001 94 ±0 




Maximum Tolerated Dose (MTD) Determination 

[0411] In vivo studies were designed to determine the 
MTD of Salinosporamide A when administered intrave- 
nously to female BALB/c mice. 

[0412] BALB/c mice were weighed and various Salino- 
sporamide A concentrations (ranging from 0.01 mg/kg to 0.5 
mg kg) were administered intravenously as a single dose 
(qdxl) or clail\ lor li\e consecutive days (qdx5). Animals 
were observed daily for clinical signs and were weighed 
individually twice weekly until the end of the experiment 
(maximum of 14 days after the last day of dosing). Results 
are shown in Table 11 and indicate that a single intravenous 
Salinosporamide A dose of up to 0.25 mg/kg was tolerated. 
When administered daily for five consecutive days, concen- 
trations of Salinosporamide A up to 0.1 mg/kg were well 
tolerated. No behavioral changes were noted during the 
course of the experiment. 

TABLE 11 

MTD Determination of Salinospoiamide A in female BALB/c Mice 
Group Dose (mg/lig) Route/Schedule Deaths.Total Days of Death 



2.6, 2.3 94, 95 





Preliminary Assessment of Salinosporamide A 
Absorption, Distribution, Metabolism and 
Elimination (ADME) Characteristics 

[0413] Studies to initiate the evaluation of the ADME 
0.017 0.022 94 94 properties of Salinosporamide A were performed. These 

studies consisted of solubility assessment, LogD^'"* determi- 
nation and a preliminary screen to detect cytochrome P450 
enzyme inhibition. Results from these studies showed an 
estimated solubility of Salinosporamide A in PBS (pH 7.4) 
of 9.6 //M (3 /<g/ml) and a LogD^"* value of 2.4. This 
LogD value is within the accepted limits compatible with 
drug development (LogD''*<5.0) and suggests oral avail- 
abihty. Results from the preliminary P450 inhibition screen 
showed that SaUnosporamide A, when tested at 10 /iM, 
showed no or low inhibition of all P450 isoforms: CYPl A2, 
CYP2C9 and CYP3A4 were inhibited by 3%, 6% and 6% 

respectively, while CYP2D6 and CYP2C19 were inhibited 

by 19% and 22% respectively. 
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Example 38 

Salinosporamide A and its Effects in vivo on 
Whole Blood Proteasome Activity 

[0414] Salinosporamide A was previously demonstrated to 
be a potent and specific inhibitor of the proteasome in vitro, 
with an ICjq of 2 nM towards the chymotrypsin-like activity 
of purified 20S proteasomes. To monitor the activity of 
Salinosporamide A in vivo, a rapid and reproducible assay 
(adapted from lightcap et al. 2000) was developed to assess 
the proteosome activity in whole blood. 

[0415] In brief, frozen whole blood samples were thawed 
on ice for one hour, and resuspended in 700 fiL of ice cold 
5 mM EDTA, pH 8.0 in order to lyse the cells by hypotonic 
shock. This represents approximately 2-3 times the vdhiniL 
of the packed whole blood cells. Lysis was allowttl to 
proceed for one hour, and the cellular debris was rcniDv ctl by 
centrifuigation at 14,000xg for 10 minutes. The supernatant 
(Packed Whole Blood Lysate, PWBL) was transferred to a 
fresh tube, and the pellet discarded. Protein concentration of 
the PWBL was determined by BCA assay (Pierce) using 
BSA as a stantlard. Approximately 80% of the samples had 
a total protein concentration between 800 and 1200 ^g/mL. 

[0416] Proteasome activity was determined by measuring 
the hydrolysis of a fluorogenic substrate specific for the 
chymotrypsin-like activity of proteasomes (suc-LLVY- 
AMC, Bachem Cat. 1-1395). Control experiments indicated 
that >98% of the hydrolysis of this peptide in these extracts 
is mediated by the proteasome. Assays were set up by 
mixing 5 fiL of a PWBL from an animal with 185 fiL of assay 
buffer (20 mM HEPES, 0.5 niM LDTA, 0.05% Triton 
X-100, 0.05%. SDS, pH 7.3) in Costar 3904 plates. I'itration 
experiments revealed there is a linear relationship between 
protein concentration and hydrolysis rate if the protein 
concentration in the assay is between 200 and 1000 fig. The 
reactions were initiated by the addition of 10 /uL of 0.4 mM 
suc-LLVY-AMC (prepared by diluting a 10 mM solution of 
the peptide in DMSO 1:25 with assay buffer), and incubated 
in a fluorometer (Labsystems Fluoroskan) at 37° C. 
Hydrolysis of the substrate results in the release of free 
AMC, which was measured fluorometrically by using k^-^= 
390 nm and >^em=460 nm. The rate of hydrolysis in this 
system is linear for at least one hour. The hydrolysis rate of 
each sample is then normalized to relative fluorescent imits 
per miUigram of protein (RFU/mg). 

[0417] To explore the in vivo activity of Salinosporamide 
A, male Swiss- Webster mice (5 per group, 20-25 g in 
weight) were treated with various concentrations of Salino- 
sporamide A. Salinosporamide A was administered intrave- 
nously and given its LogD^ '* value of 2.4, suggestive of oral 
availability, Salinosporamide A was also administered 
orally. Salinosporamide A dosing solutions were generated 
immediately prior to administration by dilution of Salino- 
sporamide A stock solutions (100% DMSO) using 10% 
solutol yielding a final concentration of 2% DMSO. The 
vehicle control consisted of 2% DMSO in 10% solutol. One 
group of animals was not dosed with either vehicle or 
Salinosporamide A in order to establish a basehne for 
proteasome activity. Salinosporamide A or vehicle was 
administered at 10 mL/kg and ninety minutes after admin- 
istration the animals were anesthetized and blood withdrawn 
by cardiac puncture. Packed whole blood ceUs were col- 



lected by centrifugation, washed with PBS, and re-centri- 
fuged. AU samples were stored at -80° C. prior to the 
evaluation of the proteasome activity. 

[0418] In order to be certain that the hydrolysis of the 
substrate observed in these experiments was due solely to 
the activity of the proteasome, dose response experiments on 
the extracts were performed using tlie tiigtify specific pro- 
teasomal inhibitor Epoxomicin. PWBL lysates were diluted 
1:40 in assay buffer, and 180 fiLwere added to Costar 3904 
plates. Epoxomicin (Calbochem Cat. 324800) was serially 
diluted in DMSO to generate an eight point dose response 
curve, diluted 1:50 in assay buffer, and 10 fiL added to the 
diluted PWBL in triplicate. The samples were preincubated 
for 5 minutes at 37° C, and the reactions initiated with 
substrate as above. The dose response curves were analyzed 
ill l^rism, using a sigmoidal dose response with variable 
slope as a model. 

[0419] FIG. 40 is a scatter plot displaying the normalized 
proteasome activity in PWBL's derived from the individual 
mice (5 mice per group). In each group, the horizontal bar 
represents the mean normalized activity. These data show 
that Salinosporamide A causes a profound decrease in pro- 
teasomal activity in PWBL, and that this inhibition is dose 
dependent. In addition, these data indicate that Salinospora- 
mide A is active upon oral administration. 

[0420] The specificity of the assay was shown by exam- 
ining the effect of a known proteasome inhibitor, Epoxomi- 
cin, on hydrolysis of the peptide substrate. Epoxomicin is a 
peptide epoxide that has been shown to highly specific for 
the proteasome, with no inhibitory activity towards any 
other known protease (Meng et al., 1999). Lysates from a 
vehicle control and also from animals treated intravenous 
(i.v.) with 0.1 mg/kg Salinosporamide Awere incubated with 
varying concentration of Epoxomicin, and IC50 values were 
determined. Palayoor et al.. Oncogene 18:7389-94 (1999). 
As shown in FIG. 41, Epoxomicin caused a dose dependent 
mniDiiion m the hydrolysis of the proteasome substrate. The 
IC50 obtained in these experiments matches well with the 10 
nM value observed using purified 20S proteasomes in vitro 
(not shown). These data also indicate that the remaining 
activity towards this substrate in these lysates prepared from 
animals treated with 0.1 mg/kg Salinosporamide A is due to 
the proteasome, and not some other protease. The residual 
activity seen in extracts treated with high doses of Epoxo- 
micin is less than 2% of the total signal, indicating that over 
98% of the activity observed with suc-LLVY-AMC as a 
substrate is due solely to the activity of the proteasomes 
present in the PWBL. 

[0421] Comparison of infra-run variation in baseline activ- 
ity and the ability of Salinosporamide A to inhibit protea- 
somal activity was also assessed. In FIG. 42, the results of 
separate assays run several weeks apart are shown. Qureshi, 
et al., J. Immunol 171(3): 1515-25 (2003). For clarity, only 
the vehicle control and matching dose results are shown. 
While there was some variation in the proteasomal activity 
in PWBL derived from individual animals in the control 
groups, the overall mean was very similar between the two 
groups. The animals treated with Salinosporamide A (0.1 
mg/kg i.v.) also show very similar residual activity and 
average inhibition. This suggests that results between assays 
can be compared with confidence. 
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Inhibition of in vivo LPS-Induced TNF by 
Salinosporamide A 

[0422] Studies suggest that the proteasome plays a role in 
the activation of many signahng molecules, including the 
transcription factor NF-kB via protealytic degradation of the 
inhibitor of NF-kB (IkB). LPS signaling through the TLR4 
receptor activates NF-kB and other transcriptional regula- 
tors resulting in the expression of a host of proinflammatory 
genes like TNF, IL-6, and IL-ip. The continued expression 
of proinflammatory cytokines has been identified as a major 
factor in many diseases. Inhibitors of TNF and IT,-ip have 
shown efficacy in many inflammation models including the 
LPS murine model, as well as animal models of rheumatoid 
arthritis and inflammatory bowel disease. Recent studies 
have suggested that inhibition of the proteasome can prevent 
LPS-induced TNF secretion (Qureshi et al., 2003). These 
data suggest that Salinosporamide A, a novel potent protea- 
some inhibitor, may prevent TNF secretion in vivo in the 
high-dose LPS murine model. 

[0423] To assess the ability of Sahnosporamide A to 
inhibit in vivo LPS-induced plasma TNF levels in mice, in 
vivo studies were initiated at BolderBioPATH, Inc. in Boul- 
der, Colo. The following methods outline the protocol 
design for these studies. 

[0424] Male Swiss Webster mice (12/group weighing 
20-25 g) were injected with LPS (2 mg/kg) by the i.p. route. 
Thirty iiiiiiiitcs later, mice were injected i.v. (tail vein) with 
SaliiKispt)ramide A at 2.5 mg/kg after approximately 5 
minutes under a heat lamp. Ninety minutes after LPS 
injection, the mice were anesthetized with Isoflurane and 
bled by cardiac puncture to obtain plasma. Remaining blood 
pellet was then resuspended in 500 (A. of PBS to wash away 
residual serum proteins and centrifuged again. Supernatant 
was removed and blood pellet frozen for analysis of pro- 
teasome inhibition in packed whole blood lysate. 

TABLE 12 



5 saline Solutol/DMSO 
lolutol/DMSO 

12 saline 0.25 mg/kg 
12 LPS 

12 LPS 0.25 mg/kg 



[0425] Dosing solutions were prepared using a 10 mg/mL 
Sahnosporamide A stock solution in 100% DMSO. A 10% 
solutol solution was prepared by diluting w/w with endot- 
oxin-free water and a 1:160 dilution was made of the 10 
mg/ml Salinosporamide A stock. Animals were dosed i.v. 
with 4 ml/kg. A vehicle control solution was also prepared 
by making the same 1:160 dilution with 100% DMSO into 



10% solutol solution giving a final concentration of 9.375% 
solutol in water and 0.625% DMSO. Measurements of 
plasma TNF were performed using the Biosource mTNF 
Cytoset kit (Biosource Intl., Camarfllo, Calif.; catalog 
#CMC3014) according to manufacturer's instructions. 
Samples were diluted 1:60 for the assay. 

[0426] Data from two independent experiments with at 
least ten replicate animals per group indicated that treatment 
with 0.125 or 0.25 mg/kg Salinosporamide A decreased 
LPS-induced TNF secretion in vivo. A representative experi- 
ment is shown in FIG. 43. These data reveal that treatment 
of animals with 0.25 mg/kg Sahnosporamide A thirty min- 
utes after 2 mg/kg LPS injection resulted in significant 
reduction in serum TNF levels. Packed whole blood samples 
were also analyzed for ex vivo proteasome inhibition reveal- 
ing 70±3% inhibition in animals treated with 0.125 mg/kg 
and 94±3% in animals treated with 0.25 mg/kg. No signifi- 
cant differences were seen in proteasome inhibition in 
animals treated with or without LPS. Sahnosporamide A 
reduces LPS-induced plasma TNF levels by approximately 
65% when administered at 0.125 or 0.25 mg/kg i.v. into mice 
30 minutes post-LPS treatment. 

Example 40 

Potential in vitro Chemosensitizing Effects of 
Salinosporamide A 
[0427] Chemotherapy agents such as CPT-11 (Irinotecan) 
can activate the transcription factor nuclear factor-kappa B 
(NF-?B) in human colon cancer cell lines including LoVo 
cells, resulting in a decreased ability of these cells to 
undergo apoptosis. Cusack, et al.. Cancer Res 61:3535 
(2001). In unstimulated cells, NF-?B resides in tlic cyto- 
plasm in an inactive complex with the inhibitory protein IkH 
(inhibitor of NF-kB). Various stimuli can cause KB phos- 
phorylation by IkB kinase, followed by ubiquitination and 
degradation of IkB by the proteasome. Following the deg- 
radation of IkB, NF-kB translocates to the nucleus and 
regulates gene expression, affecting many cellular pro- 
cesses, including upregulation of survival genes thereby 
inhibiting apoptosis. 

[0428] The recently approved proteasome inhibitor, Vel- 

cade'"'" (PS-341; Millennium Pharmaceuticals, Inc.), is 
directly toxic to cancer cells and can also enhance the 
cytotoxic activity of CPT-11 against LoVo cells in vitro and 
in a LoVo xenograft model by inhibiting proteasome 
induced deeradation of 17B. Adams. J.. Eur J Haematol 
70:265 (2003). In addition. Velcade™' was found to inhibit 
the expression of proangiogenic chemokines/cytokines 
GRO-a and VEGF in squamous cell carcinoma, presumably 
through inhibition of the NF-kB pathway. Sunwoo, et al., 
Clin Cancer Res 7:1419 (2001). The data indicate that 
proteasome inhibition may not only decrease tumor cell 
survival and growth, but also angiogenesis. 

Example 41 

Growth Inhibition of Colon, Prostate, Breast, Lung, 
Ovarian, Multiple Myeloma and Melanoma 
[0429] Human colon adenocarcinoma (HT-29; HTB-38), 
prostate adenocarcinoma (PC-3; CRL-1435), breast adeno- 
carcinoma (MDA-MB-231; HTB-26), non-small ceU lung 
(NCI-H292; CRL-1848), ovarian adenocarci- 
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noma (OVCAR-3; HTB-161), multiple myeloma (RPMI 
8226; CCL-155), multiple myeloma (U266; TIB-196) and 
mouse melanoma (B16-F10; CRL-6475) cells were all pur- 
chased from ATCC and maintained in appropriate culture 
media. The cells were cultured in an incubator at 37° C. in 
5% CO2 and 95% humidified air. 

[0430] For cell growth inhibition assays, HT-29, PC-3, 
MDA-MB-231, NC1-H292, OVCAR-3 and B16-F10 cells 
were seeded at 5x10^, 5x10^ IxlO'*, 4x10^ 1x10'* and 
1.25x10 cells/ well respectively in 90 fi\ complete media 
into 96 well (Corning; 3904) black-walled, clear-bottom 
tissue culture plates and the plates were incubated overnight 
to allow celk to establish and enter log phase growth. RPMI 



concentration at which 50% of the maximal observed 
growth inhibition is established) were determined using a 
standard sigmoidal dose response curve fitting algorithm 
(XLfit 3.0, ID Business Solutions Ltd). Where the maximum 
inhibition of cell growth was less than 50%, an EC50 value 
was not determined. 

[0432] The data in Table 13 summarize the growth inhibi- 
tory effects of Formulae II-2, II-3, II-5A, II-5B, 11-17, 11-18 
and 11-19 against the human colorectal carcinoma, HT-29, 
human prostate carcinoma, PC-3, human breast adenocar- 
cinoma, MDA-MB-231, human non-small cell lung carci- 
noma, NCI-H292, human ovarian carcinoma, OVCAR-3, 
human multiple myelomas, RPMI 8226 and U266 and 
murine melanoma D16-F10 cell lines. 



129 ± 21 >20000 132 ± 36 85 
284 ± 110 >20000 204 ± 49 97 



MDA-MB-231 121 ± 23 >20000 



1040 5900 ± 601 



>20000 
>20000 
>20000 



n = 3, m 



t standard deviation is presented; NT = nc 



8226 and U266 cells were seeded at 2x10"* and 2.5x10^ 
cellsAvell respectively in 90 /ul complete media into 96 well 
plates on the day of the assay. 20 mM stock solutions of the 
compounds were prepared in 100% DMSO and stored at 
-80° C. The compounds were serially diluted and added in 
triplicate to the test wells. Concentrations ranging from 6.32 
fiM to 632 fM were tested for II-2 and II-4. II-3 and 11-17 
were tested at concentrations ranging from 20 fiM to 6.32 
nM. Formula 11-18 and 11-19 were tested at concentrations 
ranging from 2 /uM to 200 /uM. Formula II-5A and Formula 
II-5B were tested at final concentrations ranging from 2 ^M 
to 632 ^M and 20 /M to 6.32 nM respectively. The plates 
were returned to the incubator for 48 hours. The final 
concentration of DMSO was 0.25% in all samples. 

[0431] Following 48 hours of drug exposure, 10 fil of 0.2 
mg/ml resazurin (obtained from Sigma-Aldrich Chemical 
Co.) in Mg^*, Ca^* free phosphate buffered saline was added 
to each well and the plates were returned to the incubator for 
3-6 hours. Since living cells metabolize Resazurin, the 
fluorescence of the reduction product of Resazurin was 
measured using a Fusion microplate fluorometer (Packard 
Bioscience) with K^^=5i5 nm and k^^=590 am filters. 
Resazurin dye in medium without cells was used to deter- 
mine the background, which was subtracted from the data 
for all experimental weUs. The data were normalized to the 
average fluorescence of the ceUs treated with media +0.25% 
DMSO (100% cell growth) and EC50 values (the drug 



[0433] The EC50 values indicate that the Formulae II-2, 
II-4 and 11-18 were cytotoxic against the 111-20, PC-3, 
MDA-MB-231, NCI-H292, RPMI 8226, U266 and B16-F10 
tumor ceU lines. II-2 was also cytotoxic against the 
OVCAR-3 tumor ceUs. Formula 11-17 was cytotoxic against 
MDA-MB-23 1, RPMI 8226, U266 and B16-F10 tumor cell 
lines. Formulae II-5A, II-5B and 11-19 were cytotoxic 
against HT-29, PC-3, MDA-MB-231, RPMI 8226 and U266 
tumor ceUs. Formula II-5A and 11-19 were also cjrtotoxic 
against NCI-H292 tumor ceUs. 

[0434] The data in Table 15 summarize the growth inhibi- 
tory effects of Formulae II-2, II-3, II-4, II-5A, 11-5B, 11 -8C, 
II-13C, 11-16, 11-17, 11-18, 11-19, IV-3C and Formula 11-20 
against the human multiple myeloma ceU lines, RPMI 8226 
and U266. 

TABLE 15 

Mean EC50 values of Formulae n-2, II-3, II-4, n-5A, II-5B, II-8C, 
n-13C, 11-16, 11-17, 11-18, n-19, IV-3C and Formula 11-20 against 
RFMI 8226 and U266 cells 
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TABLE 15-continued 



Mean EC50 values of Fonnulae II-2, II-3, n-4, II-SA, II-SB, II-8C, 
II-13C, 11-16, n-17, n-18, 11-19, IV-3C and Formula 11-20 against 
RPMI 8226 and U266 cells 



RPMI 8226 U266 
Compound EC50 (nM) EC50 (nM) 



Formula II-3 >20000 >20000 

Formula II-4 54 36 

Formula II-5A 33 10 

Formula II-5B 327 115 

Formula II-8C >20000 >20000 

Formula II-13C >20000 >20000 

Formula 11-19 6.5 3.3 

Formula IV-3C >20000 8020 

Formula 11-20* 10500 3810 



DMSO (100% cell growth) and EC50 values (the drug 
concentration at which 50% of the maximal observed 
growth inhibition is estabhshed) were determined using a 
standard sigmoidal dose response curve fitting algorithm 
(XLfit 3.0, ID Business Solutions Ltd). Where the maximum 
inhibition of cell growth was less than 50%, an ECjo value 
was not determined. 

[0439] The multidrug resistant MES-SA/Dx5 tumor cell 
line was derived from the human uterine sarcoma MES-SA 
tumor cell hne and expresses elevated P-Glycoprotein 
(P-gp), an ATP dependent efflux pump. The data in Table 16 
summarize the growth inhibitory effects of Formulae II-2, 
II-3, II-4, 11-17 and 11-18 against MES-SA and its multidrug 
resistant derivative MES-SA/Dx5. PacUtaxel, a known sub- 
strate of the P-gp pump was included as a control. 



[0435] The EC50 values indicate that Formulae II-2, II-4, 
II-5A, II-5B, 11-16, 11-17, 11-18, 11-19 and 11-20 were cyto- 
toxic against RPMI 8226 and U266 cells. Formula IV-3C 

was cytotoxic against U266 cells 

Example 42 



[0436] Human uterine sarcoma (MES-SA; CRL-1976), its 
multidrug resistant derivative (MES-SA/Dx5; CRL-1977), 
human acute promyelocytic leukemia cells (HL-60; CCL- 
240) and its multidrug resistant derivative (HL-60/MX2; 
CRL-2257) were purchased from ATCC and maintained in 
appropriate culture media. The ceUs were cultured in an 
incubator at 37° C. in 5% CO2 and 95% humidified air. 

[0437] For cell growth inhibition assays, MES-SA and 
MES-SA/Dx5 cells were both seeded at 3x10^ cells/ well in 
90 fil complete media into 96 well (Corning; 3904) black- 
walled, clear-bottom tissue culture plates and the plates were 
incubated overnight to allow cells to establish and enter log 
phase growth. HL-60 and HL-60/MX2 cells were both 
seeded at SxlO'* cells/ well in 90 fil complete media into 96 
well plates on the day of compound addition. 20 mM stock 
solutions of the compounds were prepared in 100% DMSO 
and stored at -80° C. The compounds were serially diluted 
and added in triplicate to the test welk. Concentrations 
ranging from 6.32 /uM to 2 nM were tested for II-2 and II -4. 
II-3 and 11-17 were tested at concentrations ranging from 20 
fiM to 6.32 nM. Compound 11-18 was tested at concentra- 
tions ranging from 2 fiM to 632 pM. The plates were 
returned to the incubator for 48 hours. The final concentra- 
tion of DMSO was 0.25% in all samples. 
[0438] Following 48 hours of drug exposure, 10 /d of 0.2 
mg/ml resazurin (obtained from Sigma-Aldrich Chemical 
Co.) in Mg^*, Ca^* free phosphate buffered sahne was added 
to each well and the plates were returned to the incubator for 
3-6 hours. Since living cells metabolize Resazurin, the 
fluorescence of the reduction product of Resazurin was 
measured using a Fusion microplate fluorometer (Packard 
Bioscience) with X.^^=535 nm and 'k^^=590 nm filters. 
Resazurin dye id medium without cells was used to deter- 
mine the background, which was subtracted fi-om the data 
for all experimental wells. The data were normahzed to the 
average fluorescence of the ceUs treated with media -1-0.25% 



*Fold change = the ra 



es (MES-SA/Dx5:MES-SA) 



[0440] The EC50 values indicate that 11-2, II-4, 11-17 and 
11-18 have cytotoxic activity against both MES-SA and 
MES-SA/Dx5 tumor cell lines. The multidrug resistant 
phenotjfpe was confirmed by the observation that Pachtaxel 
was -800 times less active against the resistant MES-SA/ 
Dx5 cells. 

[0441] HL-60/MX2 is a multidrug resistant tumor ceU line 
derived from the human promyelocytic leukemia ceU line, 
HL-60 and expresses reduced topoisomerase II activity. The 
data presented in Table 17 summarize the growth inhibitory 
effects of Formulae II-2, II-3, II-4, 11-17 and 11-18 against 
HL-60 and its multidrug resistant derivative HL-60/MX2. 
Mitoxantrone, the topoisomerase II targeting agent was 
included as a control. 

TABLE 17 
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TABLE 17-continued 



*Fold change = the ratio of F.C,„ values (HL-60/MX2:HL-60~l 

[0442] The values indicate that II-2, II-4 and II- 1« 
retained cytotoxic activity against both HL-60 and HL-60/ 
MX2 tumor cell lines. The multidrug resistant phenotype 
was confirmed by the observation that Mitoxantrone was 
-30 times less active against the resistant HL-60/MX2 cells. 



Example 43 

Inhibition of NF-KB-Mediated Luciferase Activity: 
HEK293 NF-KB/Luciferase Reporter Cell Line 

[0443] The HEK293 NF-KB/luciferase reporter cell line is 
a derivative of the human embryonic kidney cell line 
(ATCC; CRL-1573) and carries a luciferase reporter gene 
under the regulation of 5xNF-kB binding sites. The reporter 
cell line was routinely maintained in complete DMEM 
medium (DMEM plus 10%(v/v) Fetal bovine serum, 2 mM 
L-glutamine, 10 mM HEPES and PeniciUin/StrepiDiin cin ai 
100 lU/ml and 100 fig/ml, respectively) supplemcniud w iili 
250 fig/ml G418. When performing the luciferase assay, the 
DMEM basal medium was replaced with phenol-red free 
DMEM basal medium and the G418 was omitted. The cells 
were cultured in an incubator at 37° C. in 5% C02 and 95% 
humidified air. 

[0444] For NF-KB-mediated luciferase assays, HEK293 
NF-KB/luciferase cells were seeded at 1.5x10^* cells/weU in 
90 fd phenol-red free DMEM complete medium into Com- 
ing 3917 white opaque-bottom tissue culture plates. For 
Formula II-2, Formula II-4 and Formula II-5A, a 400 ^M 
starting dilution was made in 100% DMSO and this dilution 
was used to generate a 8-point half log dilution series. This 
dilution series was further diluted 40x in appropriate culture 
medium and ten fil aliquots were added to the test wells in 
triplicate resulting in final test concentrations ranging from 
1 /M to 320 pM. For Formula 11-3 and Formula 11-5B, a 8 
mM starting dilution was made in 100% DMSO and the 
same procedure was followed as described above resulting 
in final test concentrations ranging from 20 ^M to 6.3 nM. 
The plates were returned to the incubator for 1 hour. After 
1 hr pretreatment, 10 ^ of a 50 ng/ml TNF-a solution, 
prepared in the phenol-red free DMEM medium was added, 
and the plates were incubated for an additional 6 hr. The final 
concentration of DMSO was 0.25% in all samples. 
[0445] At the end of the TNF-a stimulation, 100 /A of 
Steady Lite HTS luciferase reagent (Packard Bioscience) 
was added to each well and the plates were left imdisturbed 
for 10 min at room temperature before measuring the 



luciferase activity. The relative luciferase units (RLU) were 
measured by using a Fusion microplate fluorometer (Pack- 
ard Bioscience). The ECjq values (the drug concentration at 
which 50% of the maximal relative luciferase unit inhibition 
is established) were calculated in Prism (GraphPad Soft- 
ware) using a sigmoidal dose response, variable slope 
model. 

[0446] NF-kB regulates the expression of a large number 
of genes important in inflammation, apoptosis, tumorigen- 
esis, and autoimmune diseases. Thus compounds capable of 
modulating or affecting NF-kB activity are useful in treating 
diseases related to inflammation, cancer, and autoimmune 
diseases, for example. In its inactive form, NF-kB com- 
plexes with IkB in the cytosol and upon stimulation, IkB is 
phosphorylated, ubiquitinated and subsequently degraded 
In the proteasome. The degradation of IkB leads to the 
activation of NF-kB and its translocation to the nucleus. The 
effects of Formula II-2, Formula II-3, Formula II -4, Formula 
II-5A and Formula II-5B on the activation of NF-kB was 
evaluated by assessing the NF-KB-mediated luciferase activ- 
ity in HEK293 NF-kB/Luc ceUs upon TNF-a stimulation. 

[0447] Results from a representative experiment evaluat- 
ing Formula II-2, Formula II-3 and Formula II -4 (FIG. 44) 
revealed that pretreatment with Formula II-2 and Formula 
II-4 resulted in a dose-dependent decrease of luciferase 
activity in NF-kB/Luc 293 ceUs upon TNF-a stimulation. 
The calculated EC50 to inhibit NF-kB inducible luciferase 
activity in this experiment was 73 nM for Formula II-2, 
while EC50 value for Formula II-4 was 67 nM. Similar data 
were observed in a replicate experiment. 

[0448] Results from a representative experiment evaluat- 
ing formula lI-5Aand Formula II-5H arc shown in FIG. 45 
and illustrate that Formula II-.SA and Formula 1I-5B inhibit 
NI -kB inducible luciferase activity with ECj^ values of 30 
nM and 261 nM respectively. Similar data were observed in 
a repHcate experiment. 

Example 44 

In vitro Inhibition of Proteasome Activity by 
Formula II-2, Formula 11-3, Formula 11-4, Formula 
II -5 A and Formula 11-5B 

[0449] Formula 11-2, Formula 11-3, Formula 11-4, Formula 
II-5A and Formula 11-5B were prepared as 20 mM stock 
solution in DMSO and stored in small aliquots at -80° C. 
Purified rabbit muscle 20S proteasome was obtained from 
CalBiochem. To enhance the chymotrypsin-hke activity of 
the proteasome, the assay buffer (20 mM HEPES, pH7.3, 0.5 
mM EDTA, and 0.05% Triton XlOO) was supplemented 
with SDS resulting in a final SDS concentration of 0.035%. 
The substrate used was sucLLVY-AMC, a fluorogenic pep- 
tide substrate specifically cleaved by the chymotrypsin-like 
activity of the proteasome. Assays were performed at a 
proteasome concentration of 1 /ug/ml in a final volume of 
200 fA in 96-weU Costar microtiter plates. Formula II-2 and 
Formula 11-4 were tested as eight-point dose response curves 
with final concentrations ranging from 500 nM to 0.16 nM, 
while Formula 11-3 was tested with final concentrations 
ranging from 10 ^M to 3.2 nM. Formula II-5A and Formula 
II-5B were tested with final concentrations ranging from 1 
fiM to 0.32 nM. The samples were incubated at 37° C. for 
five minutes in a temperature controUed plate reader. During 
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the preincubation step, the substrate was diluted 25-fold in 
assay buffer supplemented with 0.035% SDS. After the 
preincubation period, the reactions were initiated by the 
addition of 10 /A of the diluted substrate and the plates were 
returned to the plate reader The final concentration of 
substrate in the reactions was 20 //M. All data were collected 
every five minutes for more than 1.5 hour and plotted as the 
mean of triplicate data points. The EC,q values (the drug 
concentration at which 50% of the maximal relative fluo- 
rescence unit is inhibited) were calculated by Prism (Graph- 
Pad Software) using a sigmoidal dose-response, variable 
slope model. 

[0450] Results from a representative experiment evaluat- 
ing Formula II-2, Formula II-3 and Formula II -4 are shown 
in FIG. 46 and illustrate that Formula II-2 and Formula II-4 

inhibit the chymotrypsin-like activity of the proteasome with 
EC50 values of 18.5 nM and 15 nM respectively. Formula 
II-3 is active in this assay with an EC50 value of 890 nM. 
Similar results were obtained from an independent experi- 

[0451] Results from a representative experiment evaluat- 
ing Formula II-5Aand Formula II-5B are shown in FIG. 47 
and illustrate that Formula II-5A and Formula II-5B inhibit 
the chymotrypsin-like activity of the proteasome with ECjo 
values of 6 nM and 88 nM respectively. Similar results were 
obtained in an independent experiment. 

Example 45 

Inhibition of Anthrax Lethal Toxin 

[0452] Anthrax toxin is responsible for the symptoms 
associated with anthrax. In this disease, B. anthmcis spores 
are inhaled and lodge in the lungs where they are ingested 
by macrophages. Within the macrophage, spores germinate, 
replicate, resulting in killing of the cell. Before killing 
occurs, however, infected macrophages migrate to the 
lymph nodes where, upon death, they release their contents, 
allowing the organism to enter the bloodsteam, further 
replicate, and secrete lethal toxins. 

[0453] Two proteins called protective antigen (PA 83 kDa) 
and lethal factor (LF, 90 kDa), play a key role in the 
pathogenesis of anthrax. These proteins are collectively 
known as lethal toxin (LeTx). When combined, PA and LF 
cause death when injected intravenously in animals. Lethal 
toxin is also active in a few cell culture lines of macrophages 
causing cell death within a few hours. LeTx can induce both 
necrosis and apoptosis in mouse macrophage-like 
RAW264.7 cells upon in vitro treatment. 

[0454] In vitro Cell-Based Assay for Inhibitors of Lethal 
Toxin-Mediated Cytotoxicity 

[0455] RAW264.7 cells (obtained from the American Type 
Culture Collection) were adapted to and maintained in 
RPMl-1640 medium supplemented with 10% fetal bovine 
serum, 2 mM L-glutamine and 1% Penicillin/Streptomycin 
(complete medium) at 37° C. in a humidified 5% CO2 
incubator. For the assay, cells were plated overnight in 
complete medium at a concentration of 50,000 cellsAvell in 
a 96-well plate. Media was removed the following day and 
replaced with serum-free complete medium with or without 
varying concentrations of Formulae II-2, II-3, II-4, II-5A, 
II-5B, II-13C, 11-17, 11-18 and IV-3C starting at 330 nM and 



diluting at ¥2 log intervals for an 8-point dose-response. 
After a 45 minute preincubation, 1 fig/ml LF and 1 fig/ml PA 
alone or in combination (LF:PA, also termed lethal toxin 
(LeTx)) were added to cells. Recombinant LF and PA were 
obtained from List Biological Laboratories. Additional 
plates with no LeTx added were included as a control. Cells 
were then incubated for six hours followed by addition of 
0.02 mg/ml resazurin dye (Molecular Probes, Eugene, 
Oreg.) prepared in Mg++, Ca++ free PBS (Mediatech, 
Herndon, Va.). Plates were then incubated an additional 1.5 
hours prior to the assessment of cell viability. Since resa- 
ziu-in is metabolized by living cells, cytotoxicity or cell 
viability can be assessed by measuring fluorescence using 
530 excitation and 590 emission filters. Data are expressed 
as the percent viability as compared to a DMSO alone 
control (high) and the LeTx alone control (low) using the 
following equation: Percent viability=100*((Measured OD- 
low control)/(high control-low control)). 

[0456] Inhibition of Anthrax Lethal Toxin-mediated Cyto- 
toxicity in RAW 264.7 Cells 

[0457] Data in FIG. 48 summarize the effects of Formula 
II-2, Formula II-3 and Formula II -4 against LeTx-mediated 
cytotoxicity of the RAW 264.7 murine macrophage-like cell 
line. Treatment of RAW 264.7 cells with Formula II-2 and 
Formula II-4 resulted in an increase in the viability of LeTx 
treated cells with ECjo values of 14 nM (FIG. 48). The ECjo 
values for Formula II-3 for LeTx protection was not be 
determined at the concentrations tested (EC5o>330 nM, the 
maximum concentration evaluated). Data in Table 18 show 
the effects of Formulae 11-5A, I1-5B, I1-13C, 11-17, 11-18 and 
IV-3C against LeTx-mediated cytotoxicity of the RAW 
264.7 murine macrophage-like cell line. Treatment of RAW 
264.7 cells with Formula II-5A and 11-18 showed an increase 
in the viability of LeTx treated RAW 264.7 cells with EC50 
values of 3 nM and 4 nM respectively. Treatment with 
Formula 11-17 and Formula II-5B resulted in an increase in 
the viability of LeTx treated ceUs with ECgo values of 42 nM 
and 45 nM respectively. The EC50 values for Formulae 
II-13C and IV-3C for LeTx protection could not be deter- 
mined at the concentrations tested (ECjo>330 nM, the 
maximum concentration evaluated). 

TABLE 18 



EC50 values for inhibition of RAW 264.7 cell cytotoxicity 
mediated by anthrax lethal toxin 

Compound EC50 (nM) 

Formula 11-17 42 

Formula 11-18 4 

Formula ll-SA 3 

Formula II-5B 45 

Formula II-13C >330 nM 

Formula IV-3C >330 nM 



Example 46 

Formulation to be Administered Orally or the Like 

[0458] A mixture obtained by thoroughly blending 1 g of 
a compound obtained and purified by the method of the 
embodiment, 98 g of lactose and 1 g of hydroxypropyl 
cellulose is formed into granules by any conventional 
method. The granules are thoroughly dried and sifted to 
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obtain a granule preparation suitable for packaging in bottles 
or by heat sealing. The resultant granule preparations are 
orally administered at between approximately 100 ml/day to 
approximately 1000 ml/day, depending on the symptoms, as 
deemed appropriate by those of ordinary skill in the art of 
treating cancerous tumors in humans. 

[0459] The examples described above are set forth solely 
to assist in the understanding of the embodiments. Thus, 
those skilled in the art will appreciate that the methods may 
provide derivatives of compounds. 

[0460] One skilled in the art would readily appreciate that 
the present invention is well adapted to carry out the objects 
and obtain the ends and advantages mentioned, as well as 
those inherent therein. The methods and procedures 
described herein are presently representative of preferred 
embodiments and are exemplary and are not intended as 
Hmitations on the scope of the invention. Changes therein 
and other uses will occur to those skilled in the art which are 
encompassed within the spirit of the invention. 

[0461] It will be readily apparent to one skilled in the art 
that varying substitutions and modifications may be made to 
the embodiments disclosed herein without departing from 
the scope and spirit of the invention. 

[0462] All patents and publications mentioned in the 
specification are indicative of the levels of those skilled in 
the art to which the invention pertains. All patents and 
publications are herein incorporated by reference to the 
same extent as if each individual publication was specifi- 
cally and individually indicated to be incorporated by ref- 
erence. 

[0463] The invention illustratively described herein suit- 
ably may be practiced in the absence of any element or 
elements, limitation or limitations which is not specifically 
disclosed herein. The terms and expressions which have 

been employed are used as terms of description and not of 
limitation, and there is no intention that in the use of such 
terms and expressions indicates the exclusion of equivalents 
of the features shown and described or portions thereof It is 
recognized that various modifications are possible within the 
scope of the invention. Thus, it should be understood that 
although the present invention has been specifically dis- 
closed by preferred embodiments and optional features, 
modification and variation of the concepts herein disclosed 
may be resorted to by those skilled in the art, and that such 
modifications and variations are considered to be faUing 
within the scope of the invention, which is Umited only by 
the following claims. 

What is claimed is: 

1. A method of treating a neoplastic disease in an animal, 
the method comprising: 

administering to the animal, a therapeutically effective 
amount of a compound of a formula selected from 
Formulae I-V, and pharmaceutically acceptable salts 
and pro-drug esters thereof 

2. The method of claim 1, wherein the neoplastic disease 

3. The method of claim 2, wherein the cancer is selected 
from the group consisting of breast cancer, sarcoma, leuke- 
mia, ovarian cancer, uretal cancer, bladder cancer, prostate 
cancer, colon cancer, rectal cancer, stomach cancer, lung 
cancer, lymphoma, multiple myeloma, pancreatic cancer. 



Hver cancer, kidney cancer, endocrine cancer, skin cancer, 
melanoma, angioma, and brain or central nervous system 
(CNS) cancer. 

4. The method of claim 3, wherein the cancer is a multiple 
myeloma, a colorectal carcinoma, a prostate carcinoma, a 
breast adenocarcinoma, a non-small cell lung carcinoma, an 
ovarian carcinoma or a melanoma. 

5. The method of claim 2, wherein the cancer is a drug 
resistant cancer. 

6. The method of claim 5, wherein the drug-resistant 
cancer displays at least one of the following: elevated levels 
of the P-glycoprotein efQux pump, increased expression of 
the mullidrug-resislance associated protein 1 encoded by 
MRPl, reduced drug uptake, alteration of the drug's target 
or increasing repair of drug-induced DNA damage, alter- 
ation of the apoptotic pathway or the activation of cyto- 
chrome P450 enzymes. 

7. The method of claim 5, wherein the drug rcsislanl 
cancer is a sarcoma or a leukemia. 

8. The method of claim 1, wherein the animal is a 
mammal. 

9. The method of claim 1, wherein the animal is a human. 

10. The method of claim 1, wherein the animal is a rodent. 

11. The method of claim 1, wherein the the compound is: 




wherein Rg is selected from the group consisting of H, F, 
CI, Br and I. 

12. The method of claim 1, wherein the compound is: 




wherein Rg is selected from the group consisting of H, F, 
CI, Br, and I. 
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13. The method of claim 1, further comprising the steps 

of: 

identifying a subject that would benefit from administra- 
tion of an anticancer agent; 

performing the method on the subject. 

14. A pharmaceutical composition comprising a com- 
pound of a formula selected from Formulae I-V, and phar- 
maceutically acceptable salts and pro-drug esters thereof. 

15. The pharmaceutical composition of claim 14, further 
comprising an anti-microbial agent. 

16. A method of inhibiting the growth of a cancer cell, 
comprising contacting a cancer cell with a compound of a 
formula selected from Formulae 1-V, and pharmaceutically 
acceptable salts and pro-drug esters thereof. 

17. The method of claim 16, wherein the cancer cell is a 
multiple myeloma, a colorectal carcinoma, a prostate carci- 
noma, a breast adenocarcinoma, a non-small cell lung car- 
cinoma, an ovarian carcinoma and a melanoma. 

18. A method of inhibiting proteasome activity compris- 
ing the step contacting a cell with a compound of a formula 
selected from Formulae I-V, and pharmaceutically accept- 
able salts and pro-drug esters thereof. 



19. A method of inhibiting NF-kB activation comprising 
the step contacting a cell with a compound of a formula 
selected from Formulae I-V, and pharmaceutically accept- 
able salts and pro-drug esters thereof. 

20. A method for treating an inflammatory condition, 
comprising administering an effective amount of a com- 
pound of a formula selected from Formulae 1-V to a patient 
in need thereof. 

21. The method of claim 20, wherein the inflammatory 
condition is selected from the group consisting of rheuma- 
toid arthritis, asthma, multiple sclerosis, psoriasis, stroke, 
and myocardial infarction. 

22. A method for treating a microbial illness comprising 
administering an effective amount of a compound of a 
formula selected from Formulae 1-V to a patient in need 
thereof. 

23. The method of claim 22, wherein the microbial illness 
is caused by a microbe selected from the group consisting of 
B. anthracis, Plasmodium, Leishmania, and Trypanosoma. 
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COMPOSITIONS AND METHODS FOR 
TREATING NEOPLASTIC DISEASES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of U.S. applica- 
tion Ser. No. 1 1/293,354, filed Dec. 2, 2005, which claims the 
benefit of U.S. Provisional Application No. 60/633, 161 , filed 
Dec. 3, 2004, both of which are incorporated herein by ref- 
erence in their entirety. 

STATEMENT OF GOVERNMENT INTEREST 
[0002] The work described herein was partially fiinded by 
NIH grants 50947, CA 78373, SPORE P50 CA100707-01, 
and POl CA078378-06 and the U.S. government may have 
certain rights with regard to the present invention. 

BACKGROUND OF THE INVENTION 
[00031 I . Field of the Invention 

[0004] file present invention relates to the fields of chem- 
istry and medicine. More particularly, the present invention 
relates to the treatment of neoplastic diseases, such as cancer. 
[0005] 2. Description of the Related Art 
[0006] Cancer is a leading cause of death in the United 
States. Despite significant efforts to find new approaches for 
treating cancer, the primary treatment options remain surgery, 
chemotherapy and radiation therapy, either alone or in com- 
bination. Surgery and radiation therapy, however, are gener- 
ally useful only for fairly defined types of cancer, and are of 
limited use for treating patients with disseminated disease. 
Chemotherapy is the method that is generally useful in treat- 
ing patients with metastatic cancer or diffuse cancers such as 
leukemias. Although chemotherapy can provide a therapeutic 
benefit, it often fails to result in cure of the disease due to the 
patient's cancer cells becoming resistant to the chemothera- 
peutic agent. 

[0007] Therefore, a need exists for additional chemothera- 
peutics to treat cancer. A continuing effort is being made by 
individual investigators, academia and companies to identify 
new, potentially useful chemotherapeutic and anti-microbial 
agents. 

[0008] The successful development of Bortezomib/PS-341 
therapy for treatment of relapsed/refractory multiple 
myeloma (MM) has established proteasome inhibition as an 
effective therapeutic strategy. The dipeptide boronic acid ana- 
logue Bortezomib is a potent, highly selective, and reversible 
proteasome inhibitor which targets the 26S proteasome com- 
plex and inhibits its function. The 26S proteasome is an 
adenosine triphosphate (ATP)-dependent multicatalytic pro- 
tease mediating intracellular protein degradation. Proteaso- 
mal degradation of misfolded or damaged proteins proceeds 
by recognition of polyubiquitinated proteins by the 1 9S regu- 
latory subunit of the 26S protease, and subsequent hydrolysis 
to small polypeptides. Bortezomib primarily inhibits chymot- 
ryptic, without altering tryptic or caspase-like, proteasome 
activity. Besides inhibiting NF-kB, Bortezomib has pleiotro- 
pic effects on MM biology by targeting: 1) cell-cycle regula- 
tory proteins; 2) UPR pathway via modulating transcriptional 
activity of plasma cell differentiation factor X-box binding 
protein- 1 (XBP-1); 3) p53-mediated apoptosis/MDM2; 4) 
DNA repair mechanisms; 5) classical stress-response path- 
ways via both intrinsic (caspase-9 mediated) and extrinsic 
(caspase-8 mediated) cell death cascades. Specifically, Bort- 



ezomib activates JNK, which triggers mitochondrial apop- 
totic signaling: release of cytochrome-c (cyto-c) and second 
mitochondrial activator of caspases (Smac) from mitochon- 
dria to cytosol, followed by activation of caspase-9 and 
caspase-3. However, both intrinsic and acquired resistance 
has already been observed, and there are no therapies to 
overcome Bortezomib resistance at present. 

SUMMARY OF THE INVENTION 

[0009] One aspect of the present invention is a method of 
treating a neoplastic disease, comprising administering to a 
patient inflicted with the neoplastic disease a compound of 
formula (I) or a pharmaceutically acceptable salt or prodrug 
thereof: 




wherein X is selected from the group consisting of fluorine, 
chlorine, bromine or iodine, and wherein the neoplastic dis- 
ease is susceptible to resistance to at least one other chemo- 
therapeutic agent. 

[0010] Another aspect of the present invention is a method 
of treating a neoplastic disease, comprising administering to 
a patient inflicted with the neoplastic disease a compound of 
formula (I) or a pharmaceutically acceptable salt or prodrug 
thereof wherein X is selected from the group consisting of 
fluorine, chlorine, bromine or iodine, in combination with at 
least one additional chemotherapeutic agent. 
[0011] Another aspect of the present invention is a pharma- 
ceutical composition, comprising a compound of formula (I) 
or a pharmaceutically acceptable salt or prodrug thereof, 
wherein X is selected from the group consisting of fluorine, 
chlorine, bromine or iodine, and at least one additional che- 
motherapeutic agent. 

[0012] .Another aspect of the present invention is a method 
of treating a neoplastic disease, comprising administering to 
a patient inflicted with the neoplastic disease a synergistic 
combination of at least two proteosome inhibitors. 

BRfEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 illustrates inhibition of chymotrypsin-like, 
caspase-like. and trypsin-like proteasome activities inhuman 
erv tlu-ocytes-derived 20S proteasome by NPI-0052. 
[0014] FIG. 2 illustrates the in vivo chymotrypsin-like 
activity of NPI-0052 in mice. 

[0015] FIG. 3 depicts the autoradiograph obtained after 
treating MM. IS multiple myeloma (MM) cells with NPI- 
0052 (7 nM) and incubating protein extracts with AdaY(^^^I) 
AhXjLjVS at 37° C. 
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[0016] FIG. 4 depicts immunoblots obtained after treating 
MM.IS cells with NPI-0052 and then incubaling \\ ilh I )an- 
syl-Ahx3L3VS. 

[0017] FIG. 5A illustrates cell viability of various multiple 
myeloma cell lines treated with indicated doses of NPI-0052 
for 24 h. 

[0018] FIG. 5B illustrates DNA fragmentation assays of 
apoptosis after treatment with NPI-0052 of MM cells 
obtained from patients. 

[0019] FIG. 6 illustrates DNA fragmentation assays of apo- 
ptosis after treatment with NPI-0052 of bone marrow stromal 

cells obtained from patients. 

[0020] FIG. 7 illustrates MTT assay of MM.IS cell viabil- 
ity after treatment with NPI-0052 or Dex in Ihe presence or 
absence of IL-6 or IGF-I. 

[0021] FIG. 8 illustrates the effect of NPI-0052 on VEGF- 
induced migration of MM.IS cells. 

[0022] FIG. 9 illustrates the effect of NPI-0052 on Bcl2- 

overexpressing MM.IS cell viability. 

[0023] flCiS. 10.\and lOB depict theeffect of NPI-0052 on 
tumor growth when administered orally to mice. 
[0024] FIG. IOC illustrates the effect of NPI-0052 on sur- 
vival when administered orally to mice. 
[0025] FIG. lOD illustrates the effect of NPI-0052 on body 
weight when administered orally to mice. 
[0026] FIG. lOF, illustrates tissue sections of inoculation 
sites from NPl-0052-treated and control-treated mice. 
[00271 FKi. 1 OF compares the effect of NPI-0052 and Bort- 
ezomib on tumor growth when administered i.v. to mice. 
[0028] FIG. lOG compares the effect of NPI-0052 and 
Bortezomib on survival when administered i.v. to mice. 
[0029] FIG. 11 A illustrates the effect of NPI-0052 on mito- 
chondrial membrane potential in MM. 1 S cells incubated with 
CMXRos. 

[0030] FIG. IIB illustrates the efi'ect of NPI-0052 on 
superoxide generation in MM.IS cells stained with mem- 
brane permeable dye dihydroethidium (HE). 
[0031] FIG. lie depicts immunoblots of mitochondrial 
and cytosolic protein fractions obtained from MM.IS cells 
treated with NPI-0052. 

[00.12] FKr. Ill) depicts inununoblots of cytosolic proteins 
obtained from MM.IS cells treated with NPI-0052 and ana- 
lyzed with anti-caspase-9 Abs. 

[0033] FIG. HE depicts immunoblots of cytosolic proteins 
obtained from MM.IS cells freated with NPI-0052 and ana- 
lyzed with anti-caspase-8 Abs. 

[0034] FIG. IIF depicts immunoblots of MM.IS or 
MM.IR MM cells treated with NPI-0052 and assessed for 
apoptosis by both PARP and caspase-3 clea\agc assays. 
[0035] FIG. 12A illustrates MM. 1 S cell viability after treat- 
ment with NPI-0052 or Bortezomib in the presence or 
absence of caspase-3, caspase-8, or caspase-9 irihibitor. 
[0036] FIG. 12B illustrates MM.IS cell viability for cells 
transfected with vector alone, DN-caspase-8, and 
DN-caspase-9 after treatment with NPI-0052 or Bortezomib. 
[0037] FIG. 12C depicts immunoblots of cytosolic extracts 
from DN-caspase-8 and DN-caspase-9 transfected MM.IS 
cells treated with dexamethasone or anti-Fas MoAb. 
[0038] FIG. 12D illustrates MM. 1 S cell viability for vector 
or DN-FADD transfected cells after treatment with NPI-0052 
or Bortezomib. 

[0039] FIG. 12E depicts immunoblots of mitochondrial 
protein extracts from MM. 1 S MM cells treated with indicated 



concentration of either NPI-0052 or Bortezomib and analy- 
sed with anti-Bax or anti-Hsp60 Abs. 
[0040] FIG. 12F illustrates cell viability of mouse embry- 
onic fibroblasts (MEFs) cells with either wild-type or deleted 
Bax (knock-out) treated with indicated concentrations of 
NPI-0052 or Bortezomib. 

[0041] FIG. 13 illustrates viability of normal lymphocytes 
from fi\ e healthy donors treated with indicated concentra- 
tions orNl'l-()()52 or Bortezomib. 

[0042] 1 IG. 14A illustrates MM.IS cell viability for cells 
transfected with vector alone or Bcl-2 after treatment with 
NPI-0052 or Bortezomib. 

[0043] FIG. 14B depicts immunoblots of cytosolic exfracts 
from vector- or Bel -2 -transfected MM.IS cells treated with 
NPI-0052 or Bortezomib. 

[0044] FIG. 15 illustrates cell viability of MM.IS and 
MM.IR MM cells treated with indicated concentration of 
NPI-0052, Bortezomib, or NPI-0052+Bortezomib. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0045] In one embodiment, a compotmd according to for- 
mula (I) is provided for use as described herein: 




where X may be fluorine, chlorine, bromine or iodine. In one 
embodiment, X is chlorine. In one embodiment, the com- 
pound of formula (I) has stereochemistry according to for- 
mula (II): 




X 



The compotmd of formula (II) where X=C1 is also referred to 
herein as NPI-0052. Compounds according to formulae (I) or 
(II) may be derived from fermentation of Salinospora, a 
marine gram-positive actinomycete. 
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[0046] In some embodiments, prodrugs, metabolites, ste- 
reoisomers, and pharmaceutically acceptable salts of the 
compoimds disclosed herein are provided for use as described 
herein. 

[0047] A "prodrug" refers to an agent that is converted into 
the parent drug in vivo. Prodrugs are often useful because, in 
some situations, they may be easier to administer than the 
parent drug. They may, for instance, be bioavailable by oral 
administration whereas the parent is not. The prodrug may 
also have improved solubility in pharmaceutical composi- 
tions over the parent drug. An example, without limitation, of 
a prodrug would be a compound which is administered as an 
ester (the "prodrug") to facilitate transmittal across ;i cell 
membrane where water solubility is detrimental to mobility 
but which then is metabolically hydrolyzed to the carboxylic 
acid, the active entity, once inside the cell where water-solu- 
bility is beneficial. A further example of a prodrug might be a 
short peptide (polyaminoacid) bonded to an acid group where 
the peptide is metabolized to reveal the active moiety. Con- 
ventional procedures for the selection and preparation of 
suitable prodrug derivatives are described, for example, in 
Design of Prodrugs, (ed. H. Bundgaard, Elsevier, 1985), 
which is hereby incorporated herein by reference in its 

[0048] The term "pro-drug ester" refers to derivatives of the 
compounds disclosed herein formed by the addition of any of 
several ester- lorminggroups that are hydrolyzed underphysi- 
ological conditions, lixamples of pro-drug ester groups 
include pivoyloxymclhyl, acetoxymethyl, phthalidyl, indanyl 
and melhoxymelhyl, as well as other such groups known in 
the art, including a (5-R-2-oxo-I.3-dioxolen-4-yl)mLnhyl 
group. Other examples of pro-drug ester groups can be found 
in, for example, T. Higuchi and V. Stella, in "Pro-drugs as 
Novel Delivery Systems", Vol. 14, A.C.S. Symposium Series, 
American Chemical Society (1975); and "Bioreversible Car- 
riers in Drug Design: Theory and Application", edited by E. 
B. Roche, Pergamon Press: New York, 14-21 (1987) (provid- 
ing examples of esters usellil as prodrugs for compounds 
containing carboxyl groups). Each of the above-mentioned 
references is herein incorporated by reference in their 
entirety. 

[0049] Metabolites of the compounds disclosed herein 
include active species that are produced upon introduction of 

the compounds into the biological milieu. 
[0050] Where the compounds disclosed herein have at least 
one chiral center, they may exist as a racemate or as enanti- 
omers. It should be noted that all such isomers and mixtures 
thereof are included in the scope of the present invention. 
Furthermore, some of the crystalline forms for the com- 
pounds of disclosed herein may exist as polymorphs. Such 
polymorphs are included in one embodiment of the present 
invention. In addition, some of the compounds of the present 
invention may form solvates with water (i.e., hydrates) or 
common organic solvents. Such solvates are included in one 
embodiment of the present invention. 
[0051] The term "pharmaceutically acceptable salf refers 
to a salt of a compound that does not cause significant irrita- 
tion to an organism to which it is administered and does not 
abrogate the biological activity and properties of the com- 
pound. In some embodiments, the sah is an acid addition sah 
of the compound. Pharmaceutical salts can be obtained by 
reacting a compoxmd with inorganic acids such as hydrohaUc 
acid (e.g., hydrochloric acid or hydrobromic acid), sulfiiric 
acid, nitric acid, phosphoric acid and the like. Pharmaceutical 



salts can also be obtained by reacting a compound with an 
oiganic acid such as aliphatic or aromatic carboxylic or sul- 
fonic acids, for example acetic, succinic, lactic, malic, tar- 
taric, citric, ascorbic, nicotinic, methanesulfonic, ethane- 
sulfonic, p-toluenesulfonic, salicylic or naphthalenesulfonic 
acid. Pharmaceutical salts can also be obtained by reacting a 
compound with a base to form a salt such as an ammonium 
salt, an alkali metal salt, such as a sodium or a potassium salt, 
an alkaline earth metal salt, such as a calcium or a magnesium 
salt, a salt of organic bases such as dicyclohexylamine, N-me- 
thyl-D-glucamine, tris(hydroxymethyl)methylamine, C^-C^ 
alkylamine, cyclohexylamine, triethanolamine, ethylenedi- 
amine, and salts with amino acids such as arginine, lysine, and 
the like. 

[0052] If the manufacture of pharmaceutical formulations 
involves intimate mixing of the pharmaceutical excipients 
and the active ingredient in its salt form, then it may be 
desirable to use pharmaceutical excipients which are non- 
basic, that is, either acidic or neutral excipients. 
[0053] In various embodiments, the compounds disclosed 
herein can be used alone, in combination with other com- 
pounds disclosed herein, or in combination with one or more 
other agents active in the therapeutic areas described herein. 
[0054] The term "halogen atom," as used herein, means any 
one of the radio-stable atoms of column 7 of the Periodic 
Table of the Elements, e.g., fluorine, chlorine, bromine, or 
iodine, with fluorine and chlorine being preferred. 
[0055] The term "ester" refers to a chemical moiety with 
formula — (R)„ — COOR', where R and R' are independently 
selected from the group consisting of alkyl, cycloalkyl, aryl, 
heteroaryl (bonded through a ring carbon) and heteroalicyclic 
(bonded through a ring carbon), and where n is 0 or 1 . 
[0056] An "amide" is a chemical moiety with formula 
— (R)„— C(0)NHR' or — (R)„— NHC(0)R', where R and R' 
are independenfly selected from the group consisting of alkyl, 
cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) 
and heteroalicyclic (bonded through a ring carbon), and 
where nisOorl.Anamide may be an amino acid or a peptide 
molecule attached to a molecule of the present invention, 
thereby forming a prodrug. 

[0057] Any amine, hydroxy, or carboxyl side chain on the 
compounds of the present invention can be esterified or 
amidified. The procedures and specific groups to be used to 
achieve this end are known to those of skill in the art and can 
readily be found in reference sources such as Greene and 
Wuts, Protective Groups in Organic Synthesis, Y'' Ed., John 
Wiley & Sons, New York, N.Y, 1999, which is incorporated 
herein in its entirety. 

[0058] The terms "purified," "substantially purified," and 
"isolated" as used herein refer to compounds disclosed herein 
being free of other, dissimilar compounds with which the 
compounds of the invention are normally associated in their 
natural state, so that the compoimds of the invention comprise 
at least 0.5%. 1%. 5%. 10%, or 20%, and most preferably at 
least 50% or 75% of the mass, by weight, of a given sample. 

Methods of Use 

[0059] As demonstrated by the examples presented herein, 
the compound of formula (I) inhibits chymotrypsin-like, 
trypsin-like, and caspase-like proteasome activities. In con- 
trast, Bortezomib has been shown to inhibit only chymot- 
rypsin-like proteasome activity. See Goldberg, A. L. & Rock, 
K. (2002) Nat Med 8, 338-40 and Adams, J. (2004) Nat Rev 
Cancer 4, 349-60; both of which are incorporated herein by 
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reference in their entirety. It is further demonstrated that 
compounds of formula (I) have a different mechanism of 
action than bortezomib. Furthermore, the compomid of for- 
mula (I) induces apoptosis in various multiple myeloma cell 
lines including, but not limited to, Dexametliasone-sensitive 
MM.IS, Dexamethasone-resistant MM.IR, RPMI-8226. 
OPM2, U266, and Doxorubicin-resistant Dox-40. The com- 
pound of formula I also induced apoptosis in cell lines 
obtained from human multiple myeloma patients that had 
relapsed after multiple prior therapies with Dexamethasone, 
Bortezomib, and thalidomide. Thus, the compoimd of for- 
mula (I) is effective against MM cells that are resistant to 
other chemotherapeutic agents, including Dexamethasone, 
Doxorubicin, Bortezomib/PS-341, and thalidomide. 
[0060] Accordingly, in one embodiment, a method of treat- 
ing a neoplastic disease that is susceptible to resistance to at 
least one chemotherapeutic agent is provided comprising 
administering to a patient, such as a human, a compound of 
formula (I) or a pharmaceutically acceptable salt or prodrug 
ester thereof By "resistance to at least one chemotherapeutic 
agent," it is meant that administration of the chemotherapeu- 
tic agent to the patient does not resuh in significant amelio- 
ration of symptoms of the neoplastic disease. In some 
embodiments where the neoplastic disease is a characterized 
by a tumor, "resistance to at least one chemotherapeutic 
agent" means that administration of the chemotherapeutic 
agent docs not result inappreciable inhibition ofthe growth of 
the tumor or reduction in the size ol' the tumor. "Resistance to 
at least one chemotherapeutic agent" can also mean that when 
the agent is exposed to resistant tumor cells, no appreciable 
apoptosis is induced. By "susceptible to" resistance to at least 
one chemotherapeutic agent, it is meant that the neoplastic 
disease currently is resistant to the at least one chemothera- 
peutic agent or will develop resistance upon repeated admin- 
istration of the chemotherapeutic agent. 
[0061] The examples herein also demonstrate that com- 
pounds of formula (1) when combined with bortezomib trig- 
ger synergistic apoptosis in MM cells. Thus, a compound of 
formula (I) may be administered in combination with Bort- 
ezomib/PS-341 to achieve apoptosis using lower doses of 
each agent than if the agents were administered separately, 
thus reducing the toxicity of the agents. Surprisingly, these 
results demonstrate that a synergistic resuh may be obtained 
by administering two different proteasome inhibitors. By 
"synergistic," it is meant that the combination of two or more 
agents yield a combination index (CI)<1.0. It has also been 
demonstrated that combination of the compoimd of formula 
(I) with non-proteasome inhibitor agents provide an additive 
effect. By "additive," it is meant that the combination of two 
or more agents yield a CI approximately equal to one. CI may 
be determined, for example, by the Chou-Talalay method 
according to the following equation: "CI=(D)l/(Dx)l+(D)2/ 
(Dx)2+(D)l(D)2/(Dx)l(Dx)2", where (D)l and (D)2 are the 
doses of drug 1 and drug 2 that have x efiect when used in 
combination; and (Dx) 1 and (Dx)2 are the doses of drug 1 and 
drug 2 that have the same x effect when used alone. 
[0062] Accordingly, in one embodiment, a method is pro- 
vided for treating a neoplastic disease comprising adminis- 
tering two or more proteasome inhibitors in synergistic com- 
bination. Non-limiting examples of classes of proteasome 
inhibitors that may be combined include peptide boronate 
proteasome inhibitors, peptide aldehyde proteasome inhibi- 
tors, and non-peptide proteasome inhibitors. A non-limiting 
example of a peptide boronate proteasome inhibitor is bort- 



ezomib. A non-limiting example of a peptide aldehyde pro- 
teasome inhibitor is MCj-132. Non-limiting examples of non- 
peptide proteasome inhibitors include omuralide and the 
compound of formula (I). In one embodiment, at least one of 
the proteasome inhibitors is a compound of formula (I) or 
bortezomib. By administration in "combination," it is meant 
that the two or more agents may be found in the patient's 
bloodstream at the same time, regardless of when or how they 
are actually administered. In one embodiment, the agents are 
administered simultaneously. In one such embodiment, 
administration in combination is accomplished by combining 
the agents in a single dosage form. In another embodiment, 
the agents are administered sequentially. In one embodiment 
the agents are administered through the same route, such as 
orally. In another embodiment, the agents are administered 
through different routes, such as one being administered 
orally and another being administered i.v. In one advanta- 
geous embodiment, the pharmacokinetics of the two or more 
agents are substantially the same. 

(0063] In one embodiment, a method is provided for treat- 
ing a neoplastic disease comprising administering a com- 
poimd of formula (I) in combination with another chemo- 
therapeutic agent. In one embodiment, the other 
chemotherapeutic agent is dexamethasone, doxorubicin, or 
thalidomide. In one embodiment, the other chemotherapeutic 
agent is another proteasome inhibitor such as bortezomib. In 
one embodiment, a pharmaceutical composition is provided 
that combines a compound of formula (I) with the additional 
chemotherapeutic agent. 

|0064| In some embodiments, the neoplastic disease 
treated by any olThe methods above may be a cancer selected 
from breast c;mcer, sarcoma, leukemia, ov;irian cancer, uretal 
cancer, bladder cancer, prostate cancer, colon cancer, rectal 
cancer, stomach cancer, Itmg cancer, lymphoma, multiple 
myeloma, pancreatic cancer, liver cancer, kidney cancer, 
endocrine cancer, skin cancer, melanoma, angioma, and brain 
or central nervous system (CNS) cancer. In one embodiment, 
the neoplastic disease is a multiple myeloma. 

Pharmaceutical Compositions 

[0065] In another aspect, the present disclosure relates to a 
pharmaceutical composition comprising physiologically 
acceptable surface active agents, carriers, diluents, excipi- 
ents, smoothing agents, suspension agents, film forming sub- 
stances, and coating assistants, or a combination thereof; and 
a compound or combination disclosed herein. Acceptable 
carriers or diluents for therapeutic use are well known in the 
pharmaceutical art, and are described, for example, in Rem- 
ington's Pharmaceutical Sciences, 1 8th Ed., Mack Publishing 
Co., Easton, Pa. (1990), which is incorporated herein by 
reference in its entirety. Preservatives, stabilizers, dyes, 
sweeteners, fragrances, flavoring agents, and the like may be 
provided in the pharmaceutical composition. For example, 
sodium benzoate, ascorbic acid and esters of p-hydroxyben- 
zoic acid may be added as preservatives. In addition, antioxi- 
dants and suspending agents may be used. In various embodi- 
ments, alcohols, esters, sulfated aliphatic alcohols, and the 
like may be used as surface active agents; sucrose, glucose, 
lactose, starch, crystallized cellulose, mannitol, light anhy- 
drous silicate, magnesium altmiinate, magnesitmi methasili- 
cate aluminate, synthetic alvmiinum silicate, calcivmi carbon- 
ate, sodium acid carbonate, calcium hydrogen phosphate, 
calcium carboxymethyl cellulose, and the like may be used as 
excipients; magnesium stearate, talc, hardened oil and the like 
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may be used as smoothing agents; coconut oil, olive oil, 
sesame oil, peanut oil, soya may be used as suspension agents 
or lubricants; cellulose acetate phthalate as a derivative of a 
carbohydrate such as cellulose or sugar, or methylacetate- 
methacrylate copolymer as a derivative of polyvinyl may be 
used as suspension agents; and plasticizers such as ester 
phthalates and the like may be used as suspension agents. 
[0066] The term "pharmaceutical composition" refers to a 
mixture of a compoimd or combination of compotmds dis- 
closed herein with other chemical components, such as dilu- 
ents or carriers. The pharmaceutical composition facilitates 
administration of the compound to an organism. Multiple 
techniques of administering a compound exist in the art 
including, but not limited to, oral, injection, aerosol, 
parenteral, and topical administration. Pharmaceutical com- 
positions can also be obtained by reacting compotmds with 
inorganic or organic acids such as hydrochloric acid, hydro- 
bromic acid, sulftiric acid, nitric acid, phosphoric acid, meth- 
anesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, 
salicylic acid and the like. 

[0067] The term "carrier" defines a chemical compound 
that facilitates the incorporation of a compound into cells or 
tissues. For example dimethyl sulfoxide (I)MSO) is a com- 
monly utilized carrier as it facilitates the uptake of many 
organic compounds into the cells or tissues of an organism. 
[0068] The term "diluent" defines chemical compounds 
diluted in water that will dissolve the compound of interest as 
well as stabilize the biologically active form of the com- 
pound. Salts dissolved in buffered solutions are utilized as 
diluents in the art. One commonly used buffered solution is 
phosphate buffered saline because it mimics the salt condi- 
tions of human blood. Since buffer salts can control the pH of 
a solution at low concentrations, a buffered diluent rarely 
modifies the biological activity of a compotmd. 
[0069] The term "physiologically acceptable" defines a 
carrier or diluent that does not abrogate the biological activity 
and properties of the compound. 

[0070] The pharmaceutical compositions described herein 
can be administered to a human patient per se, or in pharma- 
ceutical compositions where they are mixed with suitable 
carriers or excipient(s). Techniques for formulation and 
administration of the compounds of the instant application 
may be found in "Remington's Pharmaceutical Sciences," 
Mack PubUshing Co., Easton, Pa., 18th edition, 1990. 
[0071] Suitable routes of administration may, for example, 
include oral, rectal, transmucosal, topical, or intestinal 
administration; parenteral delivery, including intramuscular, 
subcutaneous, intravenous, intramedullary injections, as well 
as intrathecal, direct intraventricular, intraperitoneal, intrana- 
sal, or intraocular injections. The compounds can also be 
administered in sustained or controlled release dosage forms, 
including depot injections, osmotic pumps, pills, transdermal 
(including electrotransport) patches, and tiie like, for pro- 
longed and/or timed, pulsed administration at a predeter- 

[0072] The pharmaceutical compositions of the present 
invention may be manufactured in a maimer that is itself 
known, e.g., by means of conventional mixing, dissolving, 
granulating, dragee-making, levigating, emulsifying, encap- 
sulating, entrapping or tabletting processes. 
[0073] Pharmaceutical compositions for use in accordance 
with the present invention thus may be formulated in conven- 
tional manner using one or more physiologically acceptable 
carriers comprising excipients and auxiliaries which facilitate 



processing of the active compounds into preparations which 
can be used pharmaceutically. Proper formulation is depen- 
dent upon the route of administration chosen. Any of the 
well-known techniques, carriers, and excipients may be used 
as suitable and as understood in the art; e.g., in Remington's 
Pharmaceutical Sciences, above. 

[0074] Injectables can be prepared in conventional forms, 
either as liquid solutions or suspensions, solid forms suitable 
for solution or suspension in liquid prior to injection, or as 
emulsions. Suitable e.xeipients are, for example, water, saline, 
dextrose, mamiitol, lactose, lecithin, albumin, sodium 
glutamate, cysteine hydrochloride, and the like. In addition, if 
desired, the injectable pharmaceutical compositions may 
contain minor amounts of nontoxic auxiliary substances, 
such as wetting agents, pH buffering agents, and the like. 
Physiologically compatible buffers include, but are not lim- 
ited to, Hanks's solution. Ringer's solution, or physiological 
saline buffer. If desired, absorption enhancing preparations 
(for example, liposomes), may be utilized. 
[0075] For transmucosal administration, penetrants appro- 
priate to the barrier to be permeated may be used in the 
formulation. 

[0076] Pharmaceutical formulations for parenteral admin- 
istration, e.g., by bolus injection or continuous infusion, 
include aqueous solutions of the active compounds in water- 
soluble form. Additionally, suspensions of the active com- 
potmds may be prepared as appropriate oily injection suspen- 
sions. Suitable lipophilic solvents or vehicles include fatty 
oils such as sesame oil, or other organic oils such as soybean, 
grapefruit or almond oils, or synthetic fatty acid esters, such 
as ethyl oleate or triglycerides, or liposomes. Aqueous injec- 
tion suspensions may contain substances which increase the 
viscosity of the suspension, such as sodium carboxymethyl 
cellulose, sorbitol, or dextran. Optionally, the suspension 

the solubility of the compoimds to allow lor the preparation of 
highly concentrated solutions. Formulations for injection 
may be presented in unit dosage form, e.g., in ampoules or in 
multi-dose containers, with an added preservative. The com- 
positions may take such forms as suspensions, solutions or 
emulsions in oily or aqueous vehicles, and may contain for- 
mulatoiy agents such as suspending, stabilizing and/or dis- 
persing agents. Alternatively, the active ingredient may be in 
powder form for constitution with a suitable vehicle, e.g., 
sterile pyrogen-free water, before use. 
[0077] For oral administration, the compotmds can be for- 
mulated readily by combining the active compounds with 
pharmaceutically acceptable carriers well known in the art. 
Such carriers enable the compotmds of the invention to be 
formulated as tablets, pills, dragees, capsules, liquids, gels, 
syrups, slurries, suspensions and the like, for oral ingestion by 
a patient to be treated. Pharmaceutical preparations for oral 
use can be obtained by combining the active compounds with 
solid excipient, optionally grinding a resulting mixture, and 
processing the mixture of granules, after adding suitable aux- 
iliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations 
such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 
lulose, and/or polyvinylpyrrolidone (PVP). If desired, disin- 
tegrating agents may be added, such as the cross-linked poly- 
vinyl pyrrolidone, agar, or algiiuc acid or a salt thereof such as 
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sodium alginate. Dragee cores are provided with suitable 
coatings. For this purpose, concentrated sugar solutions may 
be used, which may optionally contain gum arable, talc, poly- 
vinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or 
titanium dioxide, lacquer solutions, and suitable organic sol- 
vents or solvent mixtures. Dyestuffs or pigments may be 
added to the tablets or dragee coatings for identification or to 
characterize different combinations of active compound 
doses. For this purpose, concentrated sugar solutions may be 
used, which may optionally contain gum arabic, talc, polyvi- 
nyl pyrrolidone, carbopol gel, polyethylene glycol, and/or 
titanium dioxide, lacquer solutions, and suitable organic sol- 
vents or solvent mixtures. Dyestuffs or pigments may be 
added to the tablets or dragee coatings for identification or to 
characterize different combinations of active compound 

[0078] Pharmaceutical preparations which can be used 

orally include push-fit capsules made of gelatin, as well as 
soft, sealed capsules made of gelatin and a plasticizer, such as 
glycerol or sorbitol. The push-fit capsules can contain the 
active ingredients in admixture with filler such as lactose, 
binders such as starches, and/or lubricants such as talc or 
magnesium stearate and, optionally, stabilizers. In soft cap- 
sules, the active compounds may be dissolved or suspended in 
suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. In addition, stahiiizors may be added. 
All formulations for oral administration should be in dosages 
suitable for such administration. 

[0079] For buccal administration, the compositions may 
take the form of tablets or lozenges formulated in conven- 
tional manner. 

[0080] For administration by inhalation, the compounds for 
use according to the present invention are conveniently deliv- 
ered in the form of an aerosol spray presentation from pres- 
surized packs or a nebulizer, with the use of a suitable pro- 
pellant, e.g., dichlorodifluoromethane. 

trichlorofluoromethane, dichlorotetrafluoroethane. carbon 
dioxide or other suitable gas. In the case ol' a pressurized 
aerosol the dosage unit may be detemiined by providing a 
valve to deliver a metered amount. Capsules and cartridges of, 
e.g., gelatin for use in an inhaler or insufflator may be formu- 
lated containing a powder mix of the compotmd and a suitable 
powder base such as lactose or starch. 
[0081 ] Further disclosed herein are various pharmaceutical 
compositions well known in the pharmaceutical art for uses 
that include intraocular, intranasal, and intraauricular deliv- 
ery. Suitable penetrants for these uses are generally known in 
the art. Pharmaceutical compositions for intraocular delivery 
include aqueous ophthalmic solutions of the active com- 
pounds in water-soluble form, such as eyedrops, or in gellan 
gum (Shedden et al., Clin. Titer., 23(3):440-50 (2001)) or 
hydrogels (Mayer et al., Opthalmologica, 2 10(2): 101 -3 
(1996)); ophthahnic ointments; ophthalmic suspensions, 
such as microparticulates, drug-containing small polymeric 
particles that are suspended in a liquid carrier medium (Joshi, 
A., J. Ocul. Pharmacol, 10(l):29-45 (1994)), lipid-soluble 
formulations (Aim et al.. Prog. Clin. Biol Res., 312:447-58 
(1989)), and microspheres (Mordenti, Toxicol Sci., 52(1): 
101-6 (1 999)); and ocular inserts. All of the above-mentioned 
references, are incorporated herein by reference in their 
entireties. Such suitable pharmaceutical formulations are 
most often and preferably formulated to be sterile, isotonic 
and buffered for stability and comfort. Pharmaceutical com- 
positions for intranasal delivery may also include drops and 



sprays often prepared to simulate in many respects nasal 
secretions to ensure maintenance of normal ciliary action. As 
disclosed in Remington's Pharmaceutical Sciences, 18th Ed., 
Mack Publishing Co., Easton, Pa. (1990), which is incorpo- 
rated herein by reference in its entirety, and well-known to 
those skilled in the art, suitable formulations are most often 
and preferably isotonic, slightly buffered to maintain a pH of 
5.5 to 6.5, and most often and preferably include antimicro- 
bial preservatives and appropriate drug stabilizers. Pharma- 
ceutical formulations for intraauricular delivery include sus- 
pensions and ointments for topical application in the ear. 
Common solvents for such aural formulations include glyc- 

[0082] The compounds may also be formulated in rectal 
compositions such as suppositories or retention enemas, e.g., 
containing conventional suppository bases such as cocoa but- 
ter or other glycerides. 

[0083] In addition to the formulations described previously, 
the compounds may also be formulated as a depot prepara- 
tion. Such long acting formulations may be administered by 
implantation (for example subcutaneously or intramuscu- 
larly) or by intramuscular injection. Thus, for example, the 
compounds may be formulated with suitable polymeric or 
hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble 
derivatives, for example, as a sparingly soluble salt. 
[0084] For hydrophobic compounds, a suitable pharmaceu- 
tical carrier may be a cosolvcnt system comprising benzyl 
alcohol, a nonpolar surfactant, a waler-miscible organic poly- 
mer, and an aqueous phase. A common cosolvent system used 
is the VPD co-solvent system, which is a solution of 3% w/v 
benzyl alcohol, 8% w/v of the nonpolar surfactant Polysor- 
bate 80TM. and 65% w/v polyethylene glycol 300, made up to 
volume in absolute ethanol. Naturally, the proportions of a 
co-solvent system may be varied considerably without 
destroying its solubility and toxicity characteristics. Further- 
more, the identity ol' the co-solvent components may be var- 
ied: forexample. other low -toxicity nonpolar surfactants may 
be used instead ofl'OLYSORB.ATE 80™; the fraction size of 
polyethylene glycol may be varied; other biocompatible 
polymers may replace polyethylene glycol, e.g., polyvinyl 
pyrrolidone; and other sugars or polysaccharides may substi- 
tute for dextrose. 

[0085] Alternatively, other delivery systems for hydropho- 
bic pharmaceutical compounds may be employed. Lipo- 
somes and emulsions are well known examples of delivery 
vehicles or carriers for hydrophobic drugs. Certain organic 
solvents such as dimethylsulfoxide also may be employed, 
although usually at the cost of greater toxicity. Additionally, 
the compounds may be delivered using a sustained-release 
system, such as semipermeable matrices of solid hydropho- 
bic polymers containing the therapeutic agent. Various sus- 
tained-release materials have been established and are well 
known by those skilled in the art. Sustained-release capsules 
may, depending on their chemical nature, release the com- 
pounds for a few weeks up to over 1 00 days. Depending on the 
chemical nature and the biological stability of the therapeutic 
reagent, additional strategies for protein stabilization may be 
employed. 

[0086] Agents intended to be administered intracellularly 
may be administered using techniques well known to those of 
ordinary skill in the art. For example, such agents may be 
encapsulated into liposomes. All molecules present in an 
aqueous solution at the time of liposome formation are incor- 
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porated into the aqueous interior. The liposomal contents are 
both protected from the external micro -enviromnent and, 
because liposomes fuse with cell membranes, are efficiently 
delivered into the cell cytoplasm. The liposome may be 
coated with a tissue-specific antibody. The liposomes will be 
targeted to and taken up selectively by the desired organ. 
Alternatively, small hydrophobic organic molecules may be 
directly administered intracellularly. 
[0087] Additional therapeutic or diagnostic agents may be 
incorporated into the pharmaceutical compositions. Alterna- 
tively or additionally, pharmaceutical compositions may be 
combined with other compositions that contain other thera- 
peutic or diagnostic agents. 

Methods of Administration 

[0088] The compounds or pharmaceutical compositions 
may be administered to the patient by any suitable means. 
Non-limiting examples of methods of administration include, 
among others, (a) administration thougli oral pathways, 
which administration includes administration in capsule, tab- 
let, granule, spray, syrup, or other such fomis; (b) adminis- 
tration tlirough non-oral pathways such as rectal, vaginal, 
intraurethral, intraoctilar, intranasal, or intraauricular, which 
administration includes administration as an aqueous suspen- 
sion, an oily preparation or the like or as a drip, spray, sup- 
pository, salve, ointment or the like; (c) administration via 
injection, subcutaneously, intrapcritoncally, intravenously, 
intramuscularly, intradermally, intraorbitally, intracapsu- 
larly, intraspinally, intrasternally, or the like, including infu- 
sion pump delivery; (d) administration locally such as by 
injection directly in the renal or cardiac area, e.g., by depot 
implantation; as well as (e) administration topically; as 
deemed appropriate by those of skill in the art for bringing the 
compound of the invention into contact with living tissue. 
[0089] Pharmaceutical compositions suitable for adminis- 
tration include compositions where the active ingredients are 
contained in an amount effective to achieve its intended pur- 
pose. The therapeutically effective amount of the compounds 
disclosed herein required as a dose will depend on the route of 
administration, the type of animal, including human, being 
treated, and the physical characteristics of the specific animal 
under consideration. The dose can be tailored to achieve a 
desired effect, but will depend on such factors as weight, diet, 
concurrent medication and other factors which those skilled 
in the medical arts will recognize. More specifically, a thera- 
peutically effective amount means an amount of compound 
effective to prevent, alleviate or ameliorate symptoms of dis- 
ease or prolong the survival of the subject being treated. 
Determination of a therapeutically effective amount is well 
within the capability of those skilled in the art, especially in 
light of the detailed disclosure provided herein. 
[0090] As will be readily apparent to one skilled in the art. 
the usefijl in vivo dosage to be administered and the particular 
mode of administration will vary depending upon the age, 
weight and mammalian species treated, the particular com- 
pounds employed, and the specific use for which these com- 
pounds are employed. The determination of effective dosage 
levels, that is the dosage levels necessary to achieve the 
desired result, can be accomplished by one skilled in the art 
using routine pharmacological methods. Typically, human 
clinical applications of products are commenced at lower 
dosage levels, with dosage level being increased imtil the 
desired effect is achieved. Alternatively, acceptable in vitro 
studies can be used to establish useful doses and routes of 



administration of the compositions identified by the present 
methods using established pharmacological methods. 
[0091] fnnon-human animal studies, applications of poten- 
tial products are commenced at liigher dosage levels, with 
dosage being decreased tmtil the desired effect is no longer 
achieved or adverse side effects disappear. The dosage may 
range broadly, depending upon the desired affects and the 
therapeutic indication. Typically, dosages may be between 
about 10 microgram/kg and 100 mg/kg body weight, prefer- 
ably between about 100 microgram/kg and 10 mg/kg body 
weight. Alternatively dosages may be based and calculated 
upon the surface area of the patient, as understood by those of 
skill in the art. 

[0092] The exact formulation, route of administration and 
dosage for the pharmaceutical compositions of the present 
invention can be chosen by the individual physician in view of 
the patient's condition. (See e.g., Fingl et al. 1975, in "The 
Pharmacological Basis of Therapeutics", which is hereby 
incorporated herein by reference in its entirety, with particu- 
lar reference to Ch. 1, p. 1). Typically, the dose range ol lhe 
composition administered to the patient can be Irom about 0.5 
to 1000 mg/kg of the patient's body weight. The dosage may 
be a single one or a series of two or more given in the course 
of one or more days, as is needed by the patient. In instances 
where human dosages for compounds have been established 
for at least some condition, the present invention will use 
those same dosages, or dosages that arc between about 0.1% 
and 500%, more preferably between about 25% and 250% of 
the established human dosage. Where no human dosage is 
established, as will be the case for newly-discovered pharma- 
ceutical compounds, a suitable human dosage can be inferred 
from ED50 or ID50 values, or other appropriate values derived 
from in vitro or in vivo studies, as qualified by toxicity studies 
and efficacy studies in animals. 

[0093] It should be noted that the attending physician 
would know how to and when to terminate, interrupt, or adjust 
administration due to toxicity or organ dysfunctions. Con- 
versely, the attending physician would also know to adjust 
treatment to higher levels if the clinical response were not 
adequate (precluding toxicity). The magnitude of an admin- 
istrated dose in the management of the disorder of interest 
will vary with the severity of the condition to be treated and to 
the route of administration. The severity of the condition may, 
for example, be evaluated, in part, by standard prognostic 
evaluation methods. Further, the dose and perhaps dose fre- 
quency, will also vary according to the age, body weight, and 
response of the individual patient. A program comparable to 
that discussed above may be used in veterinary medicine. 
[0094] Although the exact dosage will be determined on a 
drug-by-drug basis, in most cases, some generalizations 
regarding the dosage can be made. The daily dosage regimen 
for an adult human patient may be, for example, an oral dose 
of between 0.1 mg and 2000 mg of each active ingredient, 
preferably between 1 mg and 500 mg, e.g. 5 to 200 mg. In 
other embodiments, an intravenous, subcutaneous, or intra- 
muscular dose of each active ingredient of between 0.01 mg 
and 100 mg, preferably between 0.1 mg and 60 mg, e.g. 1 to 
40 mg is used. In cases of administration of a pharmaceuti- 
cally acceptable salt, dosages may be calculated as the free 
base. In some embodiments, the composition is administered 
1 to 4 times per day. Alternatively the compositions of the 
invention may be administered by continuous intravenous 
infusion, preferably at a dose of each active ingredient up to 
1 000 mg per day. As will be understood by those of skill in the 
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art, in certain situations it may be necessary to administer the 
compounds disclosed herein in amounts that exceed, or even 
far exceed, the above-stated, preferred dosage range in order 
to effectively and aggressively treat particularly aggressive 
diseases or infections. In some embodiments, the compounds 
will be administered for a period of continuous therapy, for 
example for a week or more, or for months or years. 
[0095] Dosage amount and interval may be adjusted indi- 
vidually to provide plasma levels of the active moiety which 
are sufficient to maintain the modulating effects, or minimal 
effective concentration (MEC). The MEC will vary for each 
compound but can be estimated from in vitro data. Dosages 
necessary to achieve the MEC will depend on individual 
characteristics and route of administration. However, IIPLC 
assay s or bioassay s can be used to determine plasma concen- 

[0096] Dosage intervals can also be determined using MEC 
value. Compositions should be administered using a regimen 
which maintains plasma levels above the MEC for 1 0-90% of 
the time, preferably between 30-90% and most preferably 
between 50-90%. 

[0097] In cases of local administration or selective uptake, 
the effective local concentration of the drug may not be 
related to plasma concentration. 

[0098] The amount of composition administered will, of 
course, be dependent on the subject being treated, on the 
subjecrs weight, the scvcrily ofthe ;illlicti(in. the m;inner (if 
adniinislrationand the judgment olthe prescribing ph\siei;in. 
[0099] Compounds disclosed herein can be evaluated for 
efficacy and toxicity using known methods. For example, the 
toxicology of a particular compound, or of a subset of the 
compounds, sharing certain chemical moieties, may be estab- 
lished by determining in vitro toxicity towards a cell line, 
such as a mammalian, and preferably human, cell line. The 
results of such studies are often predictive of toxicity in ani- 
mals, such as mammals, or more specifically, humans. .Alter- 
natively, the toxicity of particular compounds in an animal 
model, such as mice, rats, rabbits, or monkeys, may be deter- 
mined using known methods. The efficacy of a particular 
compound may be established using several recognized 
methods, such as in vitro methods, animal models, or human 
clinical trials. Recognized in vitro models exist for nearly 
every class of condition, including but not limited to cancer, 
cardiovascular disease, and various immune dysfunctiim. 
Similarly, acceptable animal models may be used to establ isli 
efficacy ofchemicals to treat such conditions. When selecting 
a model to determine efficacy, the skilled artisan can be 
guided by the state of the art to choose an appropriate model, 
dose, and route of administration, and regime. Of course, 
human clinical trials can also be used to determine the effi- 
cacy of a compound in humans. 

[0100] The compositions may, if desired, be presented in a 
pack or dispenser dev ice which may contain one or more unit 
dosage forms containing the active ingredient. The pack may 
for example comprise metal or plastic foil, such as a blister 
pack. The pack or dispenser device may be accompanied by 
instructions for administration. The pack or dispenser may 
also be accompanied with a notice associated with the con- 
tainer in form prescribed by a governmental agency regulat- 
ing the manufacture, use, or sale of pharmaceuticals, which 
notice is reflective of approval by the agency of the form of the 
drug for human or veterinary administration. Such notice, for 
example, may be the labeling approved by the U.S. Food and 
Drug Administration for prescription drugs, or the approved 



product insert. Compositions comprising a compound of the 
invention formulated in a compatible pharmaceutical carrier 
may also be prepared, placed in an appropriate container, and 
labeled for treatment of an indicated condition. 

EXAMPLES 
Example 1 

General Procedures 
[0101] Cell cultiire and reagents. Dex-sensitive MM. IS 
and Dex-resistant MM.IR human MM cell lines were 
obtained from Dr. Steven Rosen (Northwestern University, 
Chicago, 111.). See Moalli, R A., Pillay, S., Weiner, D., Leikin, 
R. & Rosen, S. T. (1992) Blood 79, 213-22 and Chauhan, D., 
Catley, L., Hideshima, T., Li, G., Leblanc, R., Gupta, D., 
Sattler, M., Richardson. P., Schlossman, R. L., Podar, K., 
Weller, E., Munshi, N. & Anderson, K. C. (2002) Blood 100, 
2187-94; both of which are incorporated herein by reference 
in their entirety. RPMl-8226 and Doxorubicin (Dox)-resis- 
tant (Dox-40) cells were obtained from Dr. William Dalton 
(Moffit Cancer Center, Tampa, Fla.). U266 and OPM2 MM 
cell lines were obtained from the American Type Culture 
Collection (Rockville, Md.). The htiman tumor cell lines DU 
145, HT-29, Jurkat, LoVo, MDA-MB-231, MIA PaCa-2, 
NCI-H292, OVCAR-3, PANC-1, and PC-3 were purchased 
from ATCC (Manassas, Va.). MM Cell lines were grown in 
RI'MI-1 640 media supplemented with 10% heat inactivated 
letal-b(i\ine serum (FBS), 100 units/ml penicillin, 100|xg/ml 
streptomN cin. and 2 mM L-glutamine. MM cells were freshly 
isolated from patients relapsing after multiple prior therapies 
including Dexamethasone (Dex), melphalan, thalidomide or 
Bortezomib. MM cells were purified from patient bone mar- 
row samples by CD138 positive selection method using 
CD 1 38 (Syndecan- 1 ) Micro Beads and the Auto MACS mag- 
netic cell sorter (Miltenyi Biotec Inc., .'Viiburn, Calif). Sec 
Chauhan, D.. Catley. L.. Hideshima. T, Li, G., Leblanc, R., 
Gupta. D., Sattler. M.. Richardson. R. Sclilossman, R. L., 
Podar, K.. Weller, E.. Munshi. N. & .\nderson. K. C. (2002) 
Blood 100. 2187-94: wliich is incorporated herein by refer- 
ence in its entirety. Nonnal human skin fibroblasts CCD-27sk 
were obtained from ATCC and grown in DMEM supple- 
mented with 10% heat inactivated FBS, 100 units/ml penicil- 
lin, 100 ng/ml streptomycin, 4 mM L-glutamine and 1 mM 
sodium pyruvate. Cells were treated with various concentra- 
tions ofthe compound of formula 11 (X=C\) fNereus Phar- 
maceuticals. Inc. San Diego. Calir.). Bortezomib or Dex 
(Sigma Chemical Cd. St. I ciuis. Mo.). 
[0102] Cell \ iability and apoptosis assays. Cell viability 
was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe- 
nyltetrazolium bromide (MTT; Chemicon International Inc., 
Temecula, Calif) assay, according to manufacturer's instruc- 
tions (Roche Molecular Biochemicals, Indianapolis, Ind.), 
and as described in Chauhan, D., Catley, L., Hideshima, T., 
Li, G., Leblanc, R., Gupta, D., Sattler, M., Richardson, R, 
Schlossman, R. L., Podar, K., Weller, E., Munshi, N. & 
Anderson, K. C. (2002) Blood 100, 2187-94; which is incor- 
porated herein by reference in its entirety. Cell Death Detec- 
tion ELIS.4plus was utilized to quantitate cell death, as per 
manufacturer's instructions (Roche Applied Sciences, India- 
napolis, Ind.). 

Example 2 
In Vitro 20S Proteasome Activity Assay 
[0103] The chymoti^sin-like activity of tiie 20S protea- 
some was measured as described in Stein, R. L., Melandri, F. 
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& Dick, L. (1996) Biochemistry 35, 3899-908 and Lightcap, 
E. S., McCormack, T. A., Pien, C. S., Ctiau, V., Adains, J. & 
Elliott, P. J. (2000) Clin Chem 46, 673-83; both of wliich are 
incorporated herein by reference in their entirety. Purified 
humaa erythrocyte-derived 20S proteasonie were obtained 
from Biomol, Plymouth Meeting, Pa.Thecliymotrypsin-like. 
caspase-like and trypsin-like activity activities of tlie 20S 
proteasome were determined using Suc-LLVY-AMC, 
Z-LLE-AMC (Boston Biochem, Cambridge, Mass.) and 
Boc-LRR-AMC (Bachem Bioscience, King of Prussia, Pa.) 
as peptide substrates, respectively. Fluorescence of the 
cleaved peptide substrate was measured using a Fhioroskan 
Ascent 96-well microplate reader ( I hermo I Electron. 
Waltham, Mass.). The EC50 values w ere ealeulaled b\ Prism 
(GraphPad Software) using a sigmoidal dose-response, vari- 
able slope model. The ECjo values were defined as the drug 
concentration at wliich 50% of the maximal relative fluores- 
cence is inhibited. The results, plotted in FIG. 1, indicated that 
the compotmd of formula (II) (X=C1) inhibits all three pro- 
teasome activities, albeit at different concentrations. 

Example 3 

Analysis of Ex Vivo 20S Proteasome Activity in 
Whole Blood Cells in Mice (Single I.V. or Oral 

Administration) 

[0104] To directly determine whether the compound of for- 
mula (II) (X (T) inhibits proteasome activity in vivo, the 
compound of formula (II) (X - C\) was dissolved in 100% 
DMSO and serially diluted with 5% Solutol (Solutol® HS 1 5; 
polyethylene glycol 660 12-hydroxystearate, BASF, Shreve- 
port, La.) yielding a final concentration of 2% DMSO. The 
vehicle control consisted of 2% DMSO and 98% (5% Solu- 
tol® HS15). Male Swiss-Webster mice (five per group, 20-25 
grams in weight) were treated at Bolder BioPATH, hic. (Boul- 
der, Colo.) with various concentrations of the compotmd 
either intravenously or orally at a volume of 10 mL/kg. One 
group of animals was untreated to establish a baseline of 
proteasome activity. Ninety minutes after administration of 
the compound, the animals were anesthetized and blood with- 
drawn by cardiac puncture. Packed whole blood cells were 
collected by ccntrifugation, washed with PBS, and frozen on 
dry ice for determination of ex vivo proteasome activity. 
Chymotrypsin-like activity of the 20S proteasome in white 
blood cell (WBC) lysates was determined using the peptide 
substrate suc-LLVY-AMC. Relative Fluorescence Units 
(RFU) were normalized using the protein concentrations of 
the cell lysates. The 20S proteasome activity of the individual 
mice is shown in FIG. 2 with the horizontal bar representing 
the average activity. Baseline represents the 20S proteasome 
activity observed in WBC lysates prepared from unfreated 
mice. The results, depicted in FIG. 2, indicate that the com- 
pound of formula (II) (X=C1) inhibits chymotrypsin-like 
activity of 20S proteasomes in white blood cells in a dose- 
dependent manner. Importantly, these findings establish that 
the compound is orally active and inhibits proteasome activ- 

Example 4 

Determination of Triggered Alterations in Protea- 
some Activity in Mm Cells (In Vitro) 

[0105] Determination of whether the compound of formula 
II (X=C1) affects the proteasome activity in multiple 



myeloma cells in vitro was made using a competition experi- 
ment with AdaY^^'Iahx3L3VS. In this assay, sites that are not 
targeted by the compound of formula II (X=CI) are labeled 
by AdaY('-^I)Ahx3L3VS and visualized by autoradiography, 
while sites that are targeted by the compound of formula II 
(X=C1) can not be seen on the autoradiogram. MM.l S MM 
cells were incubated with the compound of formula (II) 
(X=CI) (7 nM) for 30 mins, 1 h, 3 h, or 6 li, and cell lysis was 
performed with glass beads. 60 |j,g of protein extracts was 
incubated for 2 h with the iodinated proteasome inhibitor 
AdaY'^^IahXjLjVS at 37° C. Proteins were then denatured 
by boiling in reducing sample buffer and separated on a 
1 2.5"o SI )S-1'.\CII ' gel. lollowed by autoradiography. As can 
be seen in 1 iCj. 3. the bela-5 (\i-5) subunit of the proteasome 
is markedly less labeled by AdaY(^^^l)Ahx3L3VS in treated 
cells than control cells. Given that the P-5 subimit mediates 
the chymotrypsin-like activity, these results suggest that the 
compotmd of formula (II) (X=C1) binds to the p-5 subunit, 
thereby inhibiting the chymotrypsin-like activity in MM. IS 
cells. Moreover, treatment of MM.IS cells with the com- 
potmd (7 nM) for 6 h also decreased the labeling of the P-2 
subtmits (tryptic-activity) and the (3-1 subtmits (caspase-like 
activity) (data not shown). 

Example 5 

Determination of Triggered Alterations in Protea- 
some Activity in MM Cells (In Vivo) 

[0106] In vivo determination of proteasome activity was 
conducted using a competition experiment with Dansyl- 
Ahx3L3VS, which covalently modifies all active proteasome 
subunits. This inhibitor contains a dansyl sulfonamide hex- 
anoyl hapten that can be visualized by immunoblotting using 
antibodies against the dansyl moiety. MM.IS cells were 
treated with the compound of formula (II) (X=C1) (7 nM) for 
30 mins, 1 h, or 3 h, followed by 1 h incubation with 5 |xM 
Dansyl-AhXaLjVS at 37° C. Cells were lysed by incubating 
them for 30 mins in NP-40 lysis buffer (50 mM Tris-HCl pH 
8.0, 150mMNaCI. 1% NP-40). followed by 5 min. ccntrifu- 
gation to remove membrane fractions, nuclei, and cell debris. 
60 ng of protein extract was separated by 12.5% SDS-PAGE 
gel, followed by Immunoblot analysis using polyclonal anti- 
dansyl polyclonal Ab (1 :7500, rabbit. Molecular Probes) and 
horseradish peroxidase coupled goat anti-rabbit secondary 
antibody (Southern Biotech). Blots were developed by 
enhanced chemiluminescence (Western Lightning, Perkin- 
Ehner). As can be seen in FIG. 4, tteatment of MM.IS cells 
with the compound of formula (II) (X=C1) decreases the 
dansyL\liX3L3VS-labeling of the P-5 subunits. Furthermore, 
the compound also decreased the dansylAhx3L3VS-labeling 
of the p-l and (3-2 subunits, albeit at higher concentrations: 1 
nM and 20 nM, respectively. In contrast, treatment of MM. IS 
cells with even higher doses of Bortezomib does not inhibit 
the P-2 subunits (data not shown). Taken together, these find- 
ings demonstrate the ability of the compound of formula (II) 
(X=C1) to inhibit all three proteasome activities in MM cells. 

Example 6 

Effect on MM Cell Viability 

[0107] Cell viability was assessed by 3-(4,5-dimethylthi- 
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Chemi- 
con International Inc., Temecula, Calif.) assay, according to 
manufacturer's instructions (Roche Molecular Biochemicals, 
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Indianapolis, Ind.), and as described in Chauhan, D., Catley, 
L., Hideshima, T., Li, G., Leblanc, R., Gupta, D., Sattler, M., 
Richardson, R, Schlossman, R. L., Podar, K., Weller, E., 
Munshi, N. & Anderson, K. C. (2002) Blood 100, 2187-94; 
which is incorporated herein by reference in its entirety. Cell 
viability after treatment of MM. IS (-■-), Dex-resistant 
MM.IR (-□-), RPMI-8226 (-•-), Doxonibicin-resistant 
Dox-40 (-♦-), OPM2 (-0-), and U266 (-0 -) cells with the 
compound of formula (II) (X=C1) for 24 h is illustrated in 
FIG. 5A. Results are mean±S.D from tliree independent 
experiments (P<0.005; n=3 for all cell lines). A dose-depen- 
dent significant decrease in cell viability in all cell lines was 
observed (10,0 range 7-24 nM). 

[0108] Cell viability was also assessed on purified patient 
MM cells. Freshly isolated tumor cells from nine MM 
patients relapsing after multiple prior therapies including 
Dex, Bortezomib, and thalidomide were treated with the 
compound of formula (II) (X=C1) (10 nM) for 24 h and 
analyzed for apoptosis. As seen in FIG. 5B, significant apo- 
ptosis was observed in these cells as measured by DNA frag- 
mentation assays (P<0.005; n=2). Plotted values are the 
mean±SD of triplicate samples. Importantly, 4 of 9 patients 
examined were refractory to Bortezomib therapy, and 5 
patients were resistant to Thalidomide and Dex therapies. 
These data suggest that 1) the compound of formula (II) 
(X=C1) induces apoptosis in MM cells sensitive and resistant 
to conventional and Bortezomib therapies; and 2) IC50 of the 
compound for MM cells is within the nanomolar concentra- 
tion. 

Example 7 

Effect on Bone Marrow Stromal Cell (BMSCs) 
Viability 

[0109] MM cells predominantly localize in the bone mar- 
row microenvironment and their interaction with BMSCs 
induces production of cytokines which mediate growth of 
MM cells, as well as protect against drug-induced apoptosis. 
See Anderson, K. C. (2003) Cancer 97, 796-801; which is 
incorporated herein by reference in its entirety. Therefore, the 
effect of the compound of formula (II) (X=C1 ) on five patient 
MM-derived BMSCs was determined. As seen in FIG. 6, 
treatment of BMSCs (Patient#l-5) with the compound of 
formula (II) (X=C1) (20 nM) for 24 h does not induce apo- 
ptosis in these cells, as evidenced by DNA fragmentation 
assay. Positive control shown is an internal control for the 
assay. Purified MM cells (CD138+) from two of the five MM 
patient were also examined within the same experiments. 
Results are mean±SD from triplicate samples. The compound 
triggered a significant (10-12 fold) increase in apoptosis of 
purified (CD138-positive) patient MM cells. These results 
suggest that the compound of formula (II) (X=CI) acts 
directly on MM cells, but not BMSCs. 

Example 8 

Effect of Recombinant Human Interleukin-6 (rhIL-6) 
and Recombinant Human Insulin-Like Growth Fac- 
tor-I (rhIGF-I) Anti-Apoptotics 

[0110] Adhesion of MM cells to BMSCs induces IL-6 and 
IGF-I secretion from BMSCs, which not only regulates the 
growth of MM cells, but also protects against chemotherapy. 
See Hardin, J., MacLeod, S., Grigorieva, I., Chang, R., Bar- 
logie, B., Xiao, H. & Epstein, J. (1 994) B/oorf 84, 3063-70 and 



Chauhan, D., Kharbanda, S., Ogata, A., Urashima, M., Teoh, 
G., Robertson, M., Kufe, D. W. & Anderson, K. C. (1997) 
Blood 89, 227-234; both of which are incorporated herein by 
reference in their entirety. Thus, whether rhIL-6 or rhIGF-I 
inhibits apoptosis in MM cells induced by the compotmd of 
Formula (II) (X=CI) was evaluated. MM. IS cells were 
treated with the compound of formula (II) (X=C1) (7 nM) or 
Dex (0.5 |iM) for 24 h, in the presence and absence of rhIL-6 
(10 ng/ml) or rhlGF (50 ng/ml). At 24 h cells were harvested 
and viability analyzed by MTT assays. As seen in FIG. 7, the 
median cell viability was 47±2.3% after treatment with the 
compotmd alone; 51.2±3.2% with the compotmd+rhIL-6 
(P=0.26, Wilcoxon test), and 50.3%±2.0% with the com- 
poimd+rhlGF-I (P=0.28). Median viability was 51s2.1% 
after treatment with Dex and 92+5.5% for Dex+rhIL-6 (P=0. 
05, as determined by one-sided Wilcoxon rank-stmi test). 
Results are mean±SD of three independent experiments. 
These findings suggest that neither IL-6 nor IGF-I block the 
anti-MM activity of the compound of formula (II) (X=C1). In 
contrast and as in other studies, both lL-6 and IGF-I block 
Dex-induced decreased MM. IS cell viability. See Chauhan, 
D., Hideshima, T. & Anderson, K. C. (2003) to Ji/ewato/ 78, 
114-20 and Mitsiades, C. S., Mitsiades, N., Poulaki, V., 
Schlossman, R., Akiyama, M., Chauhan, D., Hideshima, T., 
Treon, S. R, Munshi, N.C., Richardson, R G. & Anderson, K. 
C. (2002) Oncogenell, 5673-83; both of which are incorpo- 
rated herein by reference in iheir entirely. I'hus, Ihe daui 
suggests that the compound ol' lonmila (II) (X CI) over- 
comes the growth and protective effects of 11 -6 and KIF-I on 
MM cells, and indicate distinct mechanisms of action lorthe 
compound and Dex against MM cells. Reports that high 
sermii levels of IL-6 contribute to clinical chcmorcsi stance 
and treatment failure, coupled with the ability of the com- 
potmd of formula (II) (X=CI) to induce MM cell apoptosis 
even in the presence of IL-6 or IGF-I, suggest that tiie com- 
potmd may overcome drug resistance in patients with 
advanced MM. See Kyrstsonis, M. C, Dedoussis, G., Bax- 
evanis, C. Stamatelou, M. & Maniatis, A. (1996) Br J Hae- 
matol 92, 420-422; which is incorporated herein by reference 
in its entirety. 

Example 9 

Effect on Vascular Endothelial Growth Factor 
(VEGF) Indticed Migration of MM Cells 

[0111] VEGF is elevated in the bone marrow microenvi- 
ronment and triggers migration, growth, and angiogenesis in 
MM cells. See Podar, K., Tai, Y. T., Lin, B. K., Narsimhan, R. 
R, Sattler, M., Kijima, T., Salgia, R., Gupta, D., Chauhan, D. 
& Anderson, K. C. (2002) J Biol Chem 277, 7875-81; which 
is incorporated herein by reference in its entirety. Thus, 
whether the compound of fonnula (II) (X=C1) alters VEGF- 
induced migration of MM cells was evaluated. VEGF induced 
migration was examined in the presence or absence of the 
compound (7 or 10 nM). Cell migration was assayed as 
described previously in Podar, K., Tai, Y. T., Davies, F. E., 
Lentzsch, S., Sattier, M., Hideshima, T., Lin, B. K., Gupta, D., 
Shima, Y, Chauhan, D., Mitsiades, C, Raje, N., Richardson, 
R & Anderson, K. C. (2001) Blood 98, 428-35; which is 
incorporated herein by reference in its entirety. As shown in 
FIG. 8, the compound of formula (II) (X=C1) significantly 
(P<0.05) decreases VEGF-induced migration of MM. 1 S MM 
cells. These findings indicate that the compound may nega- 
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lively regulate both homing of MM cells to the bone marrow 
and their egress into the peripheral blood. 

Example 10 

Effect on Bcl2-Mediated Protective Effects 

[0112] Bcl2 confers resistance to conventional therapies in 
cancer cells, including MM. See Cory, S. & Adams, J. M. 
(2002) Nat Rev Cancer 2, 647-56 and Gazitt, Y, Fey, V., 
Thomas, C. & Alvarez, R. (1998) Int J Oncol 13, 397-405; 
both of which are incorporated herein by reference in their 
entirety. Bcl2 can modestly attenuate Bortezoniib-induced 
apoptosis. Thus, whether ectopic expression of Bcl2 in 
MM. IS cells affects responsiveness tu the compound of for- 
mula (II) (X=C1) was evaluated. MM.IS cells were stably 
transfected with Bcl2 construct and analyzed for alterations 
in cell viability using an MTT assay. As seen in FIG. 9, the 
compound of formula (II) (X=C1) significantly decreases 
cell viability of Bcl2-transfected MM. IS cells (P<0.005) in a 
dosc-dcpcndcnt manner. Nonetheless, the compound induced 
1 5+1 . 1 % less cell death in Bcl2 -transfected cells compared to 
empty vector-transfected MM. 1 S cells. Results are mean±SD 
of tiiree independent experiments. These findings suggest that 
the compoimd can overcome Bcl2-mediated protection. 

Example 1 1 

In Vivo I ivaluation in Murine Tumor Model 

[0113] Six-week-old triple immune deficient beige-nude- 
xid (BNX) mice were obtained from Frederick Cancer 
Research and Development Center (Frederick, Md.). All ani- 
mal studies were conducted according to protocols approved 
by the Animal Ethics Committee of the Dana-Farber Cancer 
Institute. Mice were observed daily for signs of toxicity. 
Terminal bleeding was done under anesthesia using isoflou- 
rane inhalation, and animals were sacrificed by CO, asphyxi- 
ation. To determine the in vivo anti-MM activity of the com- 
pound of formula (II) (X— CI), 2 1 BNX mice were inoculated 
subcutaneously in the flank with 3x10^ RPMI 8226 MM cells 
in 100 nl of RPMI-1640 media. When tumors became mea- 
surable, mice were assigned to treatment groups receiving the 
compound of formula (II) (X=C1) 0.25 mg/kg (n=7), 0.5 
mg/kg (n=7), or to control groups (n=7) receiving the vehicle 
only. Drug treatment was started after the de\'elopmetit of 
measurable tumor The drug (0.25 mg/kg or 0.5 nia kg i w as 
given orally twice a week. Serial caliper measurements of 
perpendicular diameters were done every other day to calcu- 
late tumor volume, using the following formula: 4/24x(short- 
est diameter)2x(longest diameter). Animals were sacrificed if 
the tumor was g2 cm or necrotic. For tumor growth studies, 
7 mice were used in each group. 

[0114] As seeninFIGS. lOA-C, treatment of tumor bearing 
mice with the compound of formula (II) (X=C1), but not with 
vehicle alone, significantly inhibits MM tumor growth and 
prolongs survival of these mice. All mice in the control group 
developed progressive tumors, whereas complete regression 
of tumors were observed in 70% of treated mice. The mouse 
on the upper panel of FIG. lOB received oral doses of vehicle 
alone, whereas the mouse on the lower panel received the 
compound of formula (II) (X=C1) (0.25 mg/kg). The left 
panels in FIG. lOB are enlargements of subcutaneous plas- 
macytomas growing on the right flanks of the mice. Survival 
was evaluated from the first day of treatment until death; mice 
were sacrificed when their tumor diameters reached 2 cm or 



they became moribund (FIG. IOC). Moreover, no neurologi- 
cal behavioral changes were observed even after 12 weeks of 
treatment. The concentrations of the compound administered 
were well tolerated by mice, without evidence of weight loss. 
Mice in both untreated and treated group were weighed every 
week. The average changes in the mice body weight are 
shown in FIG. lOD. 

[0115] Analysis at day 300 showed no recurrence of tumor 
in 57% of the compound of formula (II) (X=Cl)-treated mice 
(FIG. IOC). In addition, histologic analysis performed on the 
inoculation sites confirmed the disappearance of plasma cells 
in the compound of formula (II) (X=C1) — versus vehicle- 
treated mice (FIG. lOE, left and right panels, respectively). 
These data show that the compound is orally active; inhibits 
MM himor growth in vivo; and prolongs survival. 

Example 12 

Comparative Analysis of In Vivo Antitamor Activity 

[0116] To compare the in vivo activity of the compound of 
formula (II) and Bortezomib, the mice models as described 
above were treated with the compound of formula (II) 
(X=C1) (0.15 mg/kg i.v.) or Bortezomib (1.0 mg/kg i.v.) 
twice weekly. Both agents significantly reduced the tumor 
progression (p<0.01) and prolonged survival (p=0.0137) 
(FIGS. lOF and lOG). 

Example 13 

Mechanisms Mediating Anti-MM Activity 

[0117] Mitochondria play a critical role in apoptosis induc- 
tion during stress. See Bossy- Wetzel, E. & Green, D. R. 
{\999)MutatResAM, 243-51 and Chauhan. D. &.\nderson. 
K. C. (2003) Apoptosis 8, 337-43; both of which are incor- 
porated herein by reference in their entirety. Serum starved 
MM. 1 S cells were treated with the compound ol' I'ormula (II) 
(X=C1) (7 nM) for 12 h and incubated with CMXRos forthe 
last 20 min: stained with lipophilic cationic dye CMXRos 
(Mitotracker Red) (Molecular Probes, Eugene, Oreg.) in 
phosphate-buffered saline (PBS) for 20 mins at 37° C; and 
analyzed by flow cytometry to assay for alterations in ? Wm 
(mitochondrial membrane potential). Superoxide (Oj) pro- 
duction was measured by staining cells with membrane per- 
meable dye dihydroethidium (HE) for the last 1 5 min. Super- 
oxide anions oxidize HE to fluorescent ethidium, permitting 
analysis by flow cytometry. 

[0118] As seen in FIGS. IIA and IIB, the compound of 
formula (11) (X=C1) decreases AWm, evidenced by an 
increased niunber of CMXRos negative cells (P<0.005, n=2), 
and triggers O2 production in MM.IS cells. Results are 
mean±SD of two independent experiments. Alterations in 
A'Pm are associated with release of mitochondrial proteins 
cyto-c and Smac to the cytosol, thereby triggering caspase 9 
and caspase-3. See Du, C, Fang, M., Li, Y., Li, L. & Wang, X. 
(2000) Cell 102, 33-42 and Liu, X., Naekyung Kim, C, Yang, 
.1., Jemmerson, R. & Wang, X. (1996) Cell 86, 147-157; both 
of which are incorporated herein by reference in their entirety. 
[01 19] As seen in FIG. IIC, treatment of MM. 1 S cells with 
compound of formula (II) (X=C1) triggers a decrease in 
mitochondrial cyto-c (upper, left panel) and smac (upper, 
right panel), and a concurrent increase of these proteins in the 
cytosoUc fiactions (middle, left and right panels, respec- 
tively). Reprobing the immunoblots with anti-Hsp60 (lower, 
left panel) and anti-tubulin (lower, right panel) Abs confirms 
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purity of mitochondrial extracts and equal protein loading. 
Release of mitochondrial apoptogenic proteins cyto-c and 
Smac/DIABLO induce activation of caspases-9 and -3. 
MM. IS cells were treated with the compound of formula (II) 
(X=C1) (7 nM) for 24 h and harvested; mitochondrial and 
cytosolic protein fractions were separated by 12.5% SDS- 
PAGE and analyzed by immunoblotting with anti -cyto-c (up- 
per panel) or aiiti-Smac (middle panel) Abs. As a control for 
equal loading of proteins and purity of mitochondrial frac- 
tions, filters were also reprobed with anti-tubulin (lower right 
panel) and anti-Hsp60 Abs (lower left panel), respectively. 
Blots are representative of three independent experiments. 
[0120] MM. IS cells were treated with the compound of 
formula (II) (X=C1) (7 nM) for 24 h and harvested; cytosolic 
proteins were separated by 12.5% SDS-PAGE and analyzed 
by immunoblotting with anti-caspase-8 Abs and anti- 
caspase-9 Abs. As seen in FIG. IID, treatment of MM.l S 
cells with the compound of formula (II) (X=C1) induces 
proteolytic cleavage of caspase-9. Moreover, the compound 
also activates caspase-8 (FIG. HE). Both caspase-9 (mito- 
chondria-dependent) and caspase-8 (mitochondria-indepen- 
dent) are known to proteolytically cleave and activate a com- 
mon downstream effector caspase-3, resulting in PARP 
cleavage. See Miller, L. K. (1999) Trends Cell Biol 9, 323-8; 
which is incorporated herein by reference in its entirety. Thus, 
MM. 1 S or MM. 1 R MM cells were treated with the compound 
of formula (II) (X=C1) (7 nM) for 24 h and assessed for 
apoptosis by both PARP and caspase-3 cleavage assays. Total 
protein lysates were subjected to SDS-PAGE analysis. Immu- 
noblot analysis of the lysates was performed with anti-PARP 
(upper panel) or anli-caspase-3 (lower panel) Abs. 'FL' indi- 
cates 'lull length' and 'CI ' denotes cleaved fragment. This 
data further shows that the compound of formula (II) (X=CI) 
triggers caspase-3 and PARP cleavage (FIG. IIF). 
[0121] Immtmoblot analysis was performed using antibod- 
ies to cytochrome-c, Smac, Caspase-8, -9, or -3 (Cell Signal- 
ing, Beverly, Mass.), tubulin (Sigma, St. Louis, Mo.), P.4RP, 
Hsp60, or Bax (BD Bioscience I'harmingen. San Diego, 
Calif). Blots were developed by enhanced chemilumines- 
cence (ECL; .\mersham, .\rlington Heights. 111.). 

Example 14 

Mechanistic Differences of MM Cell .4poptosis 
Compared to Bortezomib 

[0122] MM. IS cells were treated with the compound of 
formula (II) (X=C1) or Bortezomib in the presence or 
absence of caspase-9 inhibitor (LEHD-FMK), caspase-8 
inhibitor (lETD-fmk) or caspase-3 inhibitor (Z-Val-AIa-Asp- 
fluoromethylketone, z-VAD-fink). As seen in FIG. 12A, 
caspase-3 inhibition markedly abrogates both the compound 
of formula (II) (X=C1) and Bortezomib-induced apoptosis. 
Results are mean±SD of four independent experiments (P<0. 
004). Blockade of caspase-8 led to a significant decrease in 
cell death triggered by the compound of formula (II) (X=C1) 
(P<0.005, n=4), whereas inhibition of caspase-9 only moder- 
ately blocked decreased viability in MM. 1 S cells triggered by 
the compound. In contrast, Bortezomib-induced decrease in 
viability of MM.IS cells is equally blocked inthepresence of 
either caspase-8 or caspase-9 inhibitor (P<0.005). Together, 
these data suggest that caspase-8 and caspase-9 activation 
equally contribute during Bortezomib-triggered cell death, 
whereas apoptosis triggered by the compound of formula (II) 
(X=C1) proceeds primarily via caspase-8 signaling pathway. 



[0123] These biochemical data were confirmed by genetic 
studies using dominant-negative (DN) strategies. MM.IS 
cells were also transiently transfected using Cell line Nucleo- 
fecto kit V, according to the manufacturer's instructions 
(Amaxa Biosystems, Germany), with vector alone, 
DN-caspase-8, DN-caspase-9, or DN-FADD and cotrans- 
fected with vector containing green fluorescence protein 
(GFP) alone. Following transfections, GFP-positive cells 
were selected by flow cytometry, treated with the compound 
of formula (11) (X=C1) or Bortezomib, and analyzed for 
viability. Treatment of DN-caspase-8-transfected MM cells 
with the compound of formula (II) (X=C1) (IC50, 7 nM) 
markedly increased surv ival of these cells, compared to the 
cells transfected with DN-caspase-9 (FIG. 12B). In contrast, 
treatment of either DN-caspase-8 or DN-caspase-9-trans- 
fected MM. 1 S cells with Bortezomib (IC50, 5 nM) increased 
the survival to a similar extent. The functional specificity of 
DNcaspase-8 and DN-caspase-9 was confinned by treatment 
of MM. 1 S cells with known inducers of caspase-9 (Dex) and 
caspasc-8 in these cells (anti-Fas MoAb) (Chauhan ct al., 
1997) (FIG. 12C). These data suggest that (1) compound of 
formula (II) (X=Cl)-induced MM cell apoptosis is predomi- 
nantly mediated by caspase-8; and (2) Bortezomib-induced 
apoptosis requires both caspase-8 and caspase-9 activation. 
[0124] It was next determined whether inhibition of an 
upstream signaling pathway that leads to caspase-8 activation 
affects Ihe response lo the compound of formula (II) (X CI) 
or Bortezomib. Ihe Fas-associaled death domain (F.\DD) 
protein is an important part of the deathinducing signaling 
complexes (DISCs) that assemble upon engagement of TNF 
receptor family members, such as Fas, resulting in proteolytic 
processing and autoactivation of pro-caspase-8. Since both 
the compound of formula (II) (X=C1) and BortezBmib trig- 
ger caspase-8 activation, the role of FADD during this event 
in MM cells was evaluated using DN-FADD. Blockade of 
FADD with DN-FADD significantly attenuated compound of 
formula (II) CX=Cl)-induced cytotoxicity compared to the 
empty vector-transfected MM.IS cells (42%±2.0% viable 
cells in vector-transfected cells versus 76%±5. 1% viable cells 
in DN-FADD-transfected cells; p<0.05) (FIG. 12D). DN- 
FADD decreased compound of formula (II) (X=Cl)-induced 
caspase-8 activation; however, minimal caspase-8 activation 
was still noted (data not shown), which may be due to 
upstream activators of caspase-8 other than FADD. Impor- 
tantly, treatment of DN-FADD-transfected MM.IS cells with 
Bortezomib resulted in only a 1 6% increase in survival com- 
pared to vector-transfected cells (39%±2.4% viable cells in 
vector-transfected cells versus 5 5%±4.1% viable cells in DN- 
FADD-transfected cells; p<0.05) (FIG. 12D). These data, 
coupled with caspase-8 or caspase-9 inhibition studies, sug- 
gest that the compound of formula (II) relies more on FADD- 
caspase-8 signaling axis than does Bortezomib, ftirther con- 
firming differential mechanism of action of the compound of 
formula (11) versus Bortezomib in MM cells. 
[0125] Previous studies have established that Bax induces 
mitochondrial apoptotic pathway. See Wei, M. C, Zong, W. 
X., Cheng. E. H., Lindsten, T., Panoutsakopoulou, V., Ross, 
A. J., Roth. K. A., MacGregor, G. R., Thompson, C. B. & 
Korsmeyer. S. .1. (2001) Science 292, 727-30 and Lei, K., 
Nimnual. A., Zong, W. X., Kennedy, N. J., Flavell, R. A., 
Thompson, C. B., Bar-Sagi, D. & Davis, R. J. (2002) Mol Cell 
Biol 22, 4929-42; both of which are incorporated herein by 
reference in their entirety. Thus, whether MM cell apoptosis 
induced by the compound of formula (II) (X=C1) correlates 
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with alterations in Bax was evaluated . MM. 1 S MM cells were 
treated with either the compound of formula (II) (X=C1) or 
Bortezomib and mitochondrial protein extracts were sub- 
jected to immunoblot analysis with anti-Bax or anti-Hsp60 
Abs. As seen in FIG. 12E, the compound of formula (II) 
(X=C1) induces little, if any increase in Bax levels in mito- 
chondria. Blots are representatives of three independent 
experiments. Importantly, Bortezomib triggers a significant 
accumulation of Bax in mitochondria. 
[0126] Mouse embryonic fibroblast (MEFs) carrying wild- 
type Bax or knock-outs were treated with the compound of 
formula (II) (X=C1) or Bortezomib for 48 h and analyzed for 
cell viability by MTT assays. As seen in FIG. 12F, the com- 
pound of formula (II) (X=C1) decreases viability in both Bax 
(WT) and Bax (knock-out), whereas deletion of Bax confers 
significant resistance to Bortezomib. Results are mean±SD of 
three independent experiments (P<0.05). These data show the 
differential requirement of Bax during apoptosis induced by 
the compound of formula (II) (X=C1) and Bortezomib and 
suggest distinct mechanism of action of these agents. 

Example 15 
Differential Effects on Normal Lymphocytes as 
Compared to Bortezomib 
[0127] Bortezomib therapy is associated with toxicity in 
patients. Thus, the effects of the compound of formula (II) 
(X=C1) and Bortezomib on normal cells was compared. 
Lymphocytes from five healthy donors were treated with 
various concentrations (0-20 nM) of the compound of for- 
mula (II) (X=C1) or Bortc/omib (0-20 nM) lor 72 h and 
analyzed for cytotoxicity by an MTT assay. -\s seen in I'Ki. 
13, the compound of Ibnmila (II) (X CI) does not signifi- 
cantly decrease the survival of normal lymphocytes (P=0.27 
from J-T trend test ), even at higher doses (20 nM). Results are 
the mean±SD of tliree independent experiments. In contrast, 
Bortezomib significantly decreases the viability of lympho- 
cytes even at lower concentrations of 6- 1 0 nM. Of note, IC50 
of patient MM cells is reached at concentrations of the com- 
pound of formula (II) (X=C1) that have no effect on normal 
lymphocytes, whereas IC50 of Bortezomib for MM cells trig- 
gers 50% decrease in viability of normal lymphocytes. 
Together, these data suggest that the compound of formula 
(II) (X=C1) has selective anti-MM activity; and particularly, 
it is less toxic to normal cells than Bortezomib. 
[0128] Whether the compound of formula (II) or Fkirt- 
ezomib alters proteasome activity in nomial lymphncylcs and 
skin fibroblasts was also examined. Both the compound of 
formula (II) (X=C1) and Bortezomib significantly inliibited 
proteasome activity in these cells: 20 nM of the compound of 
formula (II) (X=C1) or Bortezomib triggered 99% or 
59±11% inhibition of Chymotrypsin-like proteasome activ- 
ity, respectively (data not shown). Thus, although 20 nM of 
the compound of formula (II) (X=C1) did not trigger signifi- 
cant cytotoxicity in normal lymphocytes, it reduced Chymot- 
rypsin-like proteasome activity in these cells. Similarly, treat- 
ment of normal CCD-27sk fibroblasts at the IC50 for the 
compound of formula (II) (X=C1) (317 nM) or Bortezomib 
(15 nM) also inhibited proteasome activity (data not shown). 

Example 16 

Differential Effects on Bcl-2-Overexpressing MM 
Cells as Compared to Bortezomib 
[0129] During apoptosis Bax neutralizes the antiapoptotic 
fimction of Bcl-2, thereby facilitating the cyto-c release and 



caspase-9 activation. Bcl-2 also confers drug resistance in 
cancer cells, including MM, and provides partial protection 
against Bortezomib-induced killing. Therefore, whether 
ectopic expression of Bcl-2 in MM. 1 S cells affects the ability 
of the compound of formula (II) or Bortezomib to trigger 
cytotoxicity and postmitochondrial apoptotic signaling in 
MM cells was evaluated. Overexpression of Bcl-2 promoted 
a modest increase in viability of cells treated with both agents ; 
for the compound of formula (II) (X=C1), 50%±2.6% viabil- 
ity in Bcl-2-transfected cells versus 39%±1.5% viability in 
vector-transfected cells (p<0.05); and for Bortezomib, 
61%±2.9% viability in Bcl-2-transfected cells versus 40%±2. 
1% viability in vector-transfected cells (p<0.05) (FIG. 14A). 
The increased survival of Bcl-2 transfectants in response to 
Bortezomib was greater (21%) than that in response to the 
compound of formula (II) (X=C1) (11%) (p<0.04; n=3) 
(FIG. 14 A). Moreover, Bortezomib triggered significant 
caspase-9 cleavage in control vector-transfected cells, which 
is markedly attenuated (3-fold decrease by densitometry) in 
Bcl-2 -transfected cells; in contrast, compound of formula (II) 
(X=Cl)-induced caspase-9 cleavage is minimally affected 
by Bcl-2 overexpression (FIG. 14B). These findings, together 
with the viability results, suggest that Bcl-2 provides more 
protection against Bortezomib than the compound of formula 

ai). 

Example 17 
Combination Treatment 

[0130] As seen in FIG. 15, treatment of MM. IS or MM.IR 
MM cells with the compound of formula (II) (X CI) in 
combination with Bortezomib for 24 h induces synergistic 
growth inhibition. Results are mean+SD of three independent 
experiments (P<0.005). The interaction between anti-MM 
agents formula (II) (X=C1) and Borteznmib was analyzed 
using isobologram analysis with "CalcuSyn" software pro- 
gram (Biosoft, Ferguson, Mo. and Cambridge, UK). Data 
from cell viability assay (MTT) were expressed as fraction of 
cells with growth affected (FA) in drug-treated versus 
untreated cells. The CalcuSyn program is based upon the 
Chou-Talalay method according to the following equation: 
"CI=(D)l/(Dx)l+(D)2/(Dx)2+(D)l(D)2/(Dx)l(Dx)2", 
where (D)l and (D)2 are the doses of drug 1 and drug 2 that 
have x effect when used in combination; and (Dx) 1 and (Dx)2 
are the doses of drug 1 and drug 2 that have the same x effect 
when used alone. When CI=1, this equation represents the 
conservation isobologram and indicates additive effects. CI 
values of <1 .0 indicate synergism. A combination index (CI) 
of <1.0 was obtained for Bortezomib+NPI-0052. indicating 
synergism. Moreover, maximal anti-MM activity was 
observed when given concomitantly, rather than other treat- 
ment schedules. Low doses of combined compound of for- 
mula (II) (X=C1) and Bortezomib does not significantly 
affect viability of normal PBMNCs (data not shown). Com- 
bination therapy with Bortezomib and the compound of for- 
mula (II) (X=C1) therefore may: 1) allow use of sub-toxic 
concentrations of each agent; 2) delay or prevent develop- 
ment of drug-resistance; and 3) permit escalating synergistic 
doses of these agents to increase the apoptotic threshold. 
What is claimed is: 

1. A method of treating a neoplastic disease, comprising: 
administering to a patient inflicted with the neoplastic dis- 
ease a compound of formula (I) or a pharmaceutically 
acceptable salt or prodrug thereof: 
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wherein X is selected from the group consisting of fluorine, 

chlorine, bromine or iodine, and 
wherein the neoplastic disease is susceptible to resistance 

to at least one other clieniotlierapeutic agent. 

2. The method of claim 1, wherein X is chlorine. 

3. The method of claim 1, wherein the compound of for- 
mula (I) has the structure of formula (II): 



12. A method of treating a neoplastic disease, comprising 
admini stering to a patient inflicted with the neoplastic c 



a compound of formula (I) oj 
)r prodrug thereof: 



I pharmaceutically acceptable 




wherein X is selected from the group consisting of fluorine, 
chlorine, bromine or iodine, in combination with at least one 
additional chemotherapeutic agent. 

13. The method of claim 12, wherein X is chlorine. 

14. The method of claim 12, wherein the compound of 
formula (I) has the structure of formula (II): 



4. The method of claim 1, wherein the neoplastic disease is 
cancer. 

5. The method of claim 4, wherein the cancer is selected 
from the group consisting of breast cancer, sarcoma, leuke- 
mia, ovarian cancer, uretal cancer, bladder cancer, prostate 
cancer, colon cancer, rectal cancer, stomach cancer, lung can- 
cer, lymphoma, multiple myeloma, pancreatic cancer, liver 
cancer, kidney cancer, endocrine cancer, skin cancer, mela- 
noma, angioma, and brain or central nervous system (CNS) 

6. The method of claim 5, wherein the cancer is selected 
from the group consisting of multiple myeloma, colorectal 
carcinoma, prostate carcinoma, breast adenocarcinoma, non- 
small cell lung carcinoma, and an ovarian carcinoma or mela- 

7. The method of claim 6, wherein the cancer is a multiple 

8. The method of claim 1, wherein the patient is a human. 

9. The method of claim 1, wherein the other chemothera- 
peutic agent is selected fi-om the group consisting of dexam- 
ethasone, doxorubicin, and thalidomide. 

10. The method of claim 1, wherein the other chemothera- 
peutic agent is a proteosome inhibitor. 

11 . The method of claim 1 0, wherein the other chemothera- 
peutic agent is borteTDinib. 



X 

15. The method of claim 12, wherein the neoplastic disease 
is cancer. 

16. The method of claim 15. wherein the cancer is selected 
from the group consisting of breast cancer, sarcoma, leuke- 
mia, ovarian cancer, uretal cancer, bladder cancer, prostate 
cancer, colon cancer, rectal cancer, stomach cancer, lung can- 
cer, lymphoma, multiple myeloma, pancreatic cancer, liver 
cancer, kidney cancer, endocrine cancer, skin cancer, mela- 
noma, angioma, and brain or central nervous system (CNS) 

17. The method of claim 16, wherein the cancer is selected 
fi-om the group consisting of multiple myeloma, colorectal 
carcinoma, prostate carcinoma, breast adenocarcinoma, non- 
small cell lung carcinoma, and an ovarian carcinoma or mela- 

18. The method of claim 17, wherein the cancer is a mul- 
tiple myeloma. 

19. The methodof claim 12, wherein thepatient is ahuman. 

20. The method of claim 12, wherein the other chemothera- 
peutic agent is selected from the group consisting of dexam- 
ethasone, doxorubicin, and thalidomide. 

21 . The method of claim 12, wherein the other chemothera- 
peutic agent is a proteosome inhibitor. 
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22 . The method of claim 21, wherein the other chemothera- 
peutic agent is bortezomib. 

23. The method of claim 12, wherein the combination is 

synergistic. 

24. The method of claim 12, wherein the combination is 
additive. 

25. A pharmaceutical composition, comprising: 

a compound of formula (I) or a pharmaceutically accept- 
able salt or prodrug thereof: 




wherein X is selected from the group consisting of fluorine, 
chlorine, bromine or iodine; and 

at least one additional chcmothcrapcutic agent. 

26. The composition of claim 25, wherein X is chlorine. 

27. The composition of claim 25, wherein the compound of 
formula (I) has the structure of formula (II): 




X 



28. The composition of claim 25, wherein the other che- 
motherapeutic agent is selected from the group consisting of 
dexamethasone, doxorubicin, and thalidomide. 



29. The composition of claim 25, wherein the other che- 
motherapeutic agent is a proteosome inhibitor. 

30. The composition of claim 29, wherein the other che- 
motherapeutic agent is bortezomib. 

31. A method of treating a neoplastic disease, comprising 
administering to a patient inflicted with the neoplastic disease 
a synergistic combination of at least two proteosome inhibi- 

32. The method of claim 31, wherein the neoplastic disease 

33 . The method of claim 32, wherein the cancer is selected 
from the group consisting of breast cancer, sarcoma, leuke- 
mia, ovarian cancer, uretal cancer, bladder cancer, prostate 
cancer, colon cancer, rectal cancer, stomach cancer, lung can- 
cer, lymphoma, multiple myeloma, pancreatic cancer, liver 
cancer, kidney cancer, endocrine cancer, skin cancer, mela- 
noma, angioma, and brain or central nervous system (CNS) 
cancer. 

34. The method of claim 33, wherein the cancer is selected 
from the group consisting of multiple myeloma, colorectal 
carcinoma, prostate carcinoma, breast adenocarcinoma, non- 
small cell lung carcinoma, and an ovarian carcinoma or mela- 

35. The method of claim 34, wherein the cancer is a mul- 
tiple myeloma. 

3 6 . The method of claim 3 1 , wherein the patient is a human. 

37. The method of claim 31, wherein at least one of the 
proteosome inhibitors is selected from the group consisting of 
bortezomib and the compound of formula (I) or a pharmaceu- 
tically acceptable salt or prodrug thereof: 




wherein X is sclcclcd Irom the group consisting of fluorine, 
chlorine, bromine or iodine. 
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ABSTRACT 



Thepresent application demonstrates that SalinosporamideA 
can be used to sensitize cancer cells to cancer therapy. Fur- 
thermore, the present application demonstrates that Salino- 
sporamide A acts as a therapeutic agent to kill or inhibit 
cancer cells after sensitization of the cells by an antibody or 
other chemosensitizing reagents. The cancer cells can be 
either therapy-sensitive or therapy resistant. The present 
application fi.irther demonstrates that Salinosporamide A 
induces the expression of Raf kinase inliibitor protein (RKIP) 
and PTEN, tumor suppressor proteins, and inhibits the 
expression of YYl, a transcriptional regulator protein over- 
expressed in cancer cells and also inhibits the growth factor 
pleiotrophin (PTN). 
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METHODS OF SENSITIZING CANCER TO 
THERAPY-INDUCED CYTOTOXICITY 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 
[0001] This application claims priority to U.S. Ser. No. 
60/733,965, filed on Nov. 4, 2005, and U.S. Ser. No. 60/840, 
811, filed Aug. 28, 2006, the teachings of which are incorpo- 
rated herein by reference. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 
RESEARCH AND DEVELOPMENT 
[0002] NOT APPLICABLE 

REFERENCE TO A "SEQUENCE LISTING," A 
TABLE, OR A COMPUTER PROGR.\M LISTING 
APPENDIX SUBMITTED ON A COMPACT DISK 

[0003] NOT APPLICABLE 

BACKGROUND OF THE INVENTION 
[0004] Proteasonie inliibitors have been shown to induce 
cell killing alone and/or in combination with drugs in drug- 
resistant tiunor cells. In 2003, the FDA approved the first 
proteasonie inhibitor VEIXWDE, "bortezomib" for treating 
patients with multiple myeloma who relapsed after two thera- 
pies and are progressing on current treatments. Thus, protea- 
some inhibitors prove to be clinically effective. However, like 
many other drugs, resistance to bortezomib starts to emerge as 
well as bortezomib-induced tissue toxicity has been rmted. 
The development of new proteasome inhibitors that can over- 
ride bortezomib resistance and exhibiting less toxicity is 
highly desirable. The chemical compound Salinosporamide 
A (NPI-0052, Nereus Pharmaceuticals, San Diego) was dis- 
covered during the fermentation of Salinospora species, a 
new marine gram positive actinomycete. It is related to two 
less potent 20S proteasome inhibitors, structurally related to 
lactacystin, omuralide, and PS-519. 

[0005] Several in vitro findings indicated that Salinospora- 
mide A exhibited cytotoxicity against a variety of tumor cell 
lines (Feling, et al., Angew. Chem. Int. Ed., 2003, 42(3): 
355-357) and can exert apoptosis and inhibition of NF-kB 
(Macherla, et al., .Journal of Medicinal Chemistry, 2005, 
48:3684). It has also been shown that Salinosporamide A is 
effective in bortezomib-resistant cell lines. In vivo, Salino- 
sporamide A exerted anti-tumor effects whether administered 
orally or intraveneously (Chuahan et al.. Cancer Cell, Nov. 8, 
407-419 (2005)). Salinosporamide A has been synthesized 
chemically. Studies on cytotoxicity with the NCI screening 
panels of 60 human tumor cell lines showed that Salinospora- 
mide A affected many cancer cells, and had a mean growth 
inhibition of less than lOnM. Other tumor cell lines examined 
showed significant cytotoxic activity. Noteworthy, Salino- 
sporamide A was also cytotoxic to both drug sensitive HL60 
and drug resistant HL60MX2 with equal doses. 
[0006] Salinosporamide A also had the effect of inducing a 
range of direct apoptosis on different tumor cell lines. The 
effect of Salinosporamide A on the induction of apoptosis 
suggests that Salinosporamide A may be used as an agent to 
identity anti-apoptotic pathways that may serve as targets for 
cancer therapy by examining changes in the expression of 
nucleic acids and proteins upon the treatment of cancer cells 
with this compotmd. 



[0007] In the present application, we have examined if Sali- 
nosporamide A can sensitize therapy sensitive and therapy- 
resistant B Non-Hodgkin's Lymphoma to therapy-induced 
apoptosis. We also investigated whether Salinosporamide A 
could act as a therapeutic agent and induce apoptosis after 
sensitization by another compound such as rituximab. Fur- 
thermore, we have also examined the effect of Salinospora- 
mide A on the induction of Raf kinase inliibitor protein 
(RKIP), a metastasis tumor suppressor protein that potenti- 
ates anti-apoptotic pathways in cancer cells, and on the inhi- 
bition of expression ofYYl, a transcriptional regulator pro- 
tein overexpressed in cancer cells that regulates tumor cell 
resistance to both chemotherapy and inmiunotherapy 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present application demonstrates that Salino- 
sporamide A, in combination with subtoxic therapeutically 
effective amounts of cancer therapeutic agents, sensitizes 
both resistant and sensitive cancer cells to therapy-induced 
cytotoxicity. The cancer cells can be either therapy- sensitive 
or therapy resistant. Furthermore, the present application 
demonstrates that Salinosporamide A acts as a therapeutic 
agent to induce apoptosis in cancer cells after sensitization of 
the cells by an antibody or by various chemo- and immun- 
osensitizing agents. The cancer cells can be either therapy- 
sensitive or therapy resistant. Additionally, the present appli- 
cation demonstrates that Salinosporamide \ induces the 
expression of RKIP, thereby inhibiting survival aiili-apop- 
totic signaling pathways and resulting in reducing the thresh- 
old of anti-apoptotic gene expression and when used alone, or 
in combination with other agents, results in apoptosis. Fur- 
thermore, induction of RKIP also exerts anti -angiogenic 
activity as well as prevents metastasis. Further Salinospora- 
mide A treatment inliibits the transcription repressor YYl, 
resulting in the upregulation of death receptors and sensitiza- 
tion of tiunor cells to cytotoxic inuniuiotherapy. It also regu- 
lates death receptor expression in rituximab-resistant clones. 
Salinosporamide .\-induces the expression of the AKT 
inhibuor PTEN resulting in downstream inhibition of the 
AKT anti-apoptotic and survival pathway and resulting in 
inhibition of anti-apoptotic gene products. Salinosporamide 
A also inhibits the overexpression of pldotrophin (PTN) a 
growth factor and resistance factor in tumor cells and circu- 
lating levels of PTN have been shown to have a prognostic 
importance. 

[0009] In a first embodiment, the invention provides a 
method of treating, preventing or inhibiting a cancer by 
administering to a subject a therapeutically effective amount 
of a cancer therapy reagent and a sensitizingly effective 
amount of a compotmd of Formula I: 




in which each of , R^ and can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted aUcynyl, aryl, substituted aryl, heteroaryl, substituted 
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heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfijryl; R is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 groups; each R^ can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X^, X^ 
and X"* can be independently: O, NR® and S; and R* is H or 
Ci-Cg alkyl. 

[0010] In some aspects of the first embodiment, each of R^ 
and R^ can independently be: H, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, and substituted cycloalkyl; R^ can be alkoxy, sub- 
stituted alkoxy, thioalkyl, substituted thioalkyl, hydroxy, 
halogen, amino, amido, oxyacyl, carbamate, sulfonyl, sul- 
fonamide, or sulfuryl; R^ is a 5-8 membered cycloalkenyl 
optionally substituted with 1 -8 R^ groups; each of X^, X^ and 
X^isO;andX^is NH. 

[0011] In yet another aspect of the first embodiment, each 
of R^ and R can independently be: alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, all^nyl, and substituted alkynyl; 
R^ can be alkoxy, substituted alkoxy, thioalkyl, substituted 
thioalkyl, hydroxy, and amino; R"* is cyclohexenyl optionally 
substituted with 1-8 R^ groups; each of X', X^ and X"* is O; 
andX^ is NH. 

[0012] In fvirther aspects of the first embodiment, R^ is an 
alkyl or substituted alkyl; R^ is alkyl; R^ is hydroxy; R"* is 
cyclohexenyl; and each of X\ X^ and X"* is O; and X^ is NH; 
the substituted alkyl of R' can be a halogenated alkyl, which 
can be fluorinated, chlorinated, brominated in different 
aspects. In some aspects, the halogenated alkyl compotmd 
has the following structure: 




ci 



[0013] In yet another aspect of the first embodiment, the 
halogenated alkyl compound has the following structure: 




[0014] In further aspects of the first embodiment, the sen- 
sitizingly effective amount of the compound of Formula I is 
sufficient to induce expression of RKIP or PTEN, thereby 
inducing or facilitating apoptosis. The expression of RKIP or 
PTEN can be at least 1, 2, 10, or 100 fold higher than in the 
absence of the compotmd of Formula I. 
[0015] In yet flirther aspects of the first embodiment, the 
sensitizingly effective amount of the compound of Formula I 
is sufficient to inhibit the expression of YYl, and PTN, 
thereby inducing apoptosis. The expression ofYYl, PTEN, 
and PTN can be at least 1 , 2, 1 0, or 1 00 fold lower than in the 
absence of the compound of Formula I. 
[0016] In another aspect of the first embodiment, the cancer 
therapy reagent can be a chemotherapeutic reagent, an immu- 
notherapeutic reagent, a radiotherapeutic reagent, a hormonal 
therapeutic reagent, or a pharmacologic inhibitor 
[0017] In other aspects of the first embodiment, the cancer 
can be non-Hodgkin's lymphoma, B-acute lymphoblastic 
lymphoma, prostate cancer, ovarian cancer, renal cancer, lung 
cancer, breast cancer, colon cancer, leukemia, multiple 
myeloma and hepatocarcinoma. 

[0018] In another aspect of the first embodiment, the cancer 
therapy reagent induces or facilitates apoptosis and can be a 
chemotherapeutic reagent, an immunotherapeutic reagent, a 
radiotherapeutic reagent, a hormonal therapeutic reagent, or a 
pharmacologic inhibitor. In tliis aspect, the cancer therapy 
reagent can be riliixiniah iniiminollierapy. 
[0019] In various aspects o i Uie lirsl embodiment, the can- 
cer is therapy-resistant, including resistance to immuno- 
therapy, chemotherapy, radiotherapy, or hormonal therapy. 
However, in other aspects, the cancer can be therapy-sensi- 

[0020] In further aspects of the first embodiment, the thera- 
peutically effective amomit of a cancer therapy reagent and 
the sensitizingly effective amount of a compound of Formula 
I are administered concurrently or sequentially, in which the 
cancer therapy reagent is bortezomib administration. In 
related aspects, the cancer therapy reagent can be a chemo- 
therapeutic reagent, an immunotherapeutic reagent, a radio- 
therapeutic reagent, a homional therapeutic reagent, or a 
phamiacologic inliibitor. 

[0021] In an alternative aspect of the first embodiment, the 
therapeutically effective amount of a cancer therapy reagent 
and the sensitizingly effective amount of a compound of 
Fomiula 1 are administered sequentially. 
[0022] In an aspect of the first embodiment, the subject can 
be a human. 

[0023] A second embodiment of this invention provides a 
method of treating, preventing or inhibiting lymphoma by 
administering to a subject a therapeutically effective amount 
of a cancer therapy reagent and a sensitizingly effective 
amotmt of a compotmd of Formula I: 
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in which each of , and R^ can independently be: H, alkyl, 
substituted alley], alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfijryl; R^ is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R^ groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R^^ can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, and substituted cycloalkyl; each ot'X\ X", 
and X^ is independently selected from the group consist- 
ing of O, NR® and S; and R® is H or Ci-Cg alkyl. 
[0024] In an aspect of the second embodiment, the sensi- 
tizingly eflfective amount of the compound of Formula I is 
sufficient to induce expression of RKIP or PTEN, thereby 
inducing or potentiating apoptosis. 

[0025] In another aspect of the second embodiment, the 
sensitizingly effective amount of the compomid of Fommla I 
is sufficient to inliibit the expression of YYl or PTN thereby 
inducing or potentating apoptosis. 

[0026] In further aspects of the second embodiment, the 
lymphoma is therapy resistant, which can include a lym- 
phoma which is rituximab therapy resistant. 
[0027] In a third embodiment, this invention provides a 
method of treating, preventing or inhibiting lymphoma by 
administering to a subject a therapeutically effective amount 
of rituximab and a sensitizingly effective amount of a com- 
pound of Formula I: 




in which each of R^ , R^ and can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted tliioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulftiryl; R"* is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R' groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R^ can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tated alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, and substituted cycloalkyl; each of X^, X^, 
X^ and X"* can independently be O, NR^ and S; and R** is H or 
Ci-Cg alkyl. 

[0028] In an aspect of the third embodiment, the sensitiz- 
ingly effective amount of the compound of Formula I is 
sufficient to induce expression of RKIP or PTEN, thereby 
inducing apoptosis. 



[0029] In another aspect of the third embodiment, the sen- 
sitizingly effective amoimt of the compound of Formula I is 
sufficient to inhibit expression ofYYl orPTN, thereby induc- 
ing apoptosis. 

[0030] In a fourth embodiment, the invention provides a 
composition containing a therapeutically effective amount of 
rituximab and a sensitizingly effective amount of a compound 
of Formula I in a physiologically acceptable excipient. 
[0031] In a fifth embodiment, the invention provides a kit 
comprising a therapeutically effective amount of rituximab 
and a sensitizingly effective amount of a compound of For- 

[0032] In a sixth embodiment, this invention provides a 
method of treating, preventing or inhibiting a cancer with 
proteasome inhibitor therapy by administering to a subject a 
sensitizingly effective amount of an antibody or chemosen- 
sitizing reagent and a therapeutically effective amount of a 
compound of Formula I: 




in which each of R' , R^ and R^ can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy. substituted alkoxy. tliioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl. carbamate, sulfonyl. sulfona- 
mide, or sulfuryl; is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R' groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R^ can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, and substituted cycloalkyl; each of X^, X^, 
X^ andX"* can independently be O, NR^ and S; and R^ is H or 
C,-Q alkyl. 

[0033] In an aspect of the sixth embodiment, the sensitiz- 
ingly effective amount of the compound of Formula 1 is 
sufficient to induce expression of RKIP or PTEN, thereby 
inducing apoptosis or sensitizing cells to apoptosis by various 
sub-toxic concentrations on cytotoxic agents. In other aspects 
of this embodiment, the antibody is rituximab and the cancer 
is lymphoma. 

[0034] In another aspect of the sixth embodiment, the sen- 
sitizingly effective amount of the compound of Formula I is 
sufficient to inhibit expression ofYY 1 or PTN, thereby indue - 
ing apoptosis. In other aspects of this embodiment, the anti- 
body is rituximab and the cancer is lymphoma. 
[0035] In a seventh embodiment, this invention provides a 
composition comprising a sensitizingly effective amount of 
rituximab and a therapeutically effective amount of a com- 
pound of Formula 1 in a physiologically acceptable excipient. 
[0036] In an eighth embodiment, this invention provides a 
kit comprising a sensitizingly effective amount of rituximab 
and a therapeutically effective amount of a compound of 
Formula I. 
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[0037] In a ninth embodiment, this invention provides a 
method of treating, preventing or inhibiting a cancer, the 
method comprising the step of administering to a subject a 
therapeutically effective amount of a compouad of Formula I: 




in which each of R\ and can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aiyl, heteroaryl, substituted 
heteroaryl, heterocyclic, substitated heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy. thioalkyi, 
substituted tliioalkyl, hydroxy, halogen, amino, aniido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfuryl; R"* is a 5-8 membered cycloalkyl optionally 
substituted witb 1-8 R^ groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1 -8 R^ groups; each R' can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X\ X^, 
andX^ can independently be O, NR* and S; R"' is H or Cj-C^i 
alk}'l, and in which the therapeutically effective amount is 
sufficient to induce the expression of RKIP or PTEN, thereby 
inducing apoptosis. 

[0038] In various aspects of the ninth embodiment, the 
expression of RKIP or PTEN is at least about 1 , 2, 1 0, or 1 00 
fold higher than in the absence of the compotmd of Formula 
I. 

[0039] In a tenth embodiment, this invention provides a 
nielhod ol' Irealing, preventing or inhibiting a cancer, the 
method comprising the step of administering to a subject a 
therapeutically effective amount of a compound of Formula I: 



X': 




in which each of R^ , R^ and R^ can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyi, 
substituted thioalkyi, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfijryl; R'* is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R^ groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R' can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X\ X^, X^ 



and X"* can independently be O, NR'^ and S; R*^ is H or Ci-Cg 
alkyl, and in which the therapeutically effective amount is 
sufficient to inhibit the expression of YYl or PTN, thereby 
inducing apoptosis or lowering the threshold of resistance to 
apoptosis by cytotoxic drugs. 

[0040] In various aspects of the tenth embodiment, the 
expression ofYYl or PTN is at least about 1,2, 10, or 100 fold 
lower than in the absence of the compound of Formula I. 
[0041] In a eleventh embodiment, this invention provides a 
method of treating, preventing or inhibiting lymphoma by 
administering to a subject, optionally in combination with 
cytotoxic agents, a therapeutically effective amount of a com- 
potmd of Formula I: 




in which each of R^, R^ andR^ can be independently: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyi, 
substituted thioalkyi, hydroxy, halogen, amino, amido. car- 
boxyl, — C(0)H, acyl, oxyacyl. carbamate, sulfonyl. sulfona- 
mide, or sulfuryl; R'* is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R' groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R^ can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substihited cycloalkyl: each of X\ X^, X^ 
and X* can independently be O. NR^ and S; R'^ is H or C^-C^ 
alkyl, and in which the therapeutically effective amount is 
sufficient to induce the expression of RKIP or PTEN, thereby 
inducing apoptosis. 

[0042] In a twelfth embodiment, this invention provides a 
method of treating, preventing or inhibiting lymphoma by 
administering to a subject a therapeutically effective amount 
of a compotmd of Formula I: 




in wliich each of R^ , R^ and R"* canbe independently: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyi, 
substituted thioalkyi, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfuryl; R^ is a 5-8 membered cycloalkyl optionally 
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substituted with 1-8 groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 groups; each R' can 
independently be: alkyl, substituted alkyl, alkenyl. substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X\ X". 
andX^ can independently be O, NR"* and S; R'' is H or Cj-Cg 
alk>'l, and in which the therapeutically effective amount is 
sufficient to inliibit the expression of YYl or PTN, thereby 
inducing apoptosis. 

[0043] In an thirteenth embodiment, this invention pro- 
vides a method of treating, preventing or inhibiting a cancer 
with proteasome inhibitor therapy by administering to a sub- 
ject a therapeutically effective amount of a compound of 
Formula I: 




in which each of R' , R^ and R^ can independently be: H, alkyl, 
siibsliluled alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted ttiioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfliryl; R"* is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R' can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X\ X^, X^ 
andX^ is independenfly selected from the group consisting of 
O, NR'^ and S; and R'' is H or Ci-Cg alkyl, in which the 
therapeutically effective amount is sufficient to induce the 
expression of RKIP or PTEN, thereby inducing apoptosis. 
[0044] In an fourteenth embodiment, this invention pro- 
vides a method of treating, preventing or inhibiting a cancer 
with proteasome inhibitor therapy by administering to a sub- 
ject a therapeutically effective amount of a compound of 
Formula I: 




in which each of , R^ and R^ can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioall^l, 
substituted thioalkyl, hydroxy, halogen, amino, amido, car- 



boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfuryl; R^ is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R^ groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R^ can 
independently be; alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
ar>'l, cycloalkyl, or substituted cycloalkyl; each of X\ X^, X^ 
and is independently selected from the group consisting of 
O, NR^ and S; and is H or C^-C^ alkyl, in which the 
therapeutically effective amount is sufficient to induce the 
expression of YYl or PTN thereby inducing apoptosis. 
[0045] In a fifteenth embodiment of this invention, this 
invention provides a mollioti of Heating a therapy resistant 
cancer by administering lo a subject a therapeutically effec- 
tive amount of a compound of f omiula 1: 




in which each of R' , R^ and R^ can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
mide, or sulfuryl; R"* is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 R^ groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R^ can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X' , X^, X'* 
and X"* can independently be O, NR® and S; R® is H or Ci-Cg 
alkyl, in which the therapeutically effective amount is sufiB- 
cient to induce the expression of RKIP or PTEN, thereby 
inducing apoptosis. 

[0046] In a sixteenth embodiment of this invention, this 
invention provides a method of treating a therapy resistant 
cancer by administering to a subject a therapeutically effec- 
tive amount of a compotmd of Formula I: 




in which each of R^ , R^ and R^ can independently be: H, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub- 
stituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, cycloalkyl, 
substituted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, car- 
boxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, sulfona- 
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mide, or sulfuryl; R'* is a 5-8 membered cycloalkyl optionally 
substituted with 1-8 groups or a 5-8 membered cycloalk- 
enyl optionally substituted with 1-8 R^ groups; each R" can 
independently be: alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted 
aryl, cycloalkyl, or substituted cycloalkyl; each of X', X^, X^ 
and X"* can independently be O, NR"* and S; R** is H or Ci-Cg 
alkyl, in wliich the therapeutically effective amount is suflB- 
cient to inhibit the expression ofYYl or PTN, thereby induc- 
ing apoptosis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 shows that Salinosporamide A significantly 
sensitizes B-NHL Ramos cell line to CDDP-induced apopto- 

[0048] Drug and Salinosporamide A resistant Ramos cells 
(106 ml) were treated with various concentrations of Salino- 
sporamide A for one hour and then treated with CDDP (15 
|xg/ml) for an additional 20 h. The cultares were then washed 
and the cells harvested and examined for apoptosis using the 
propidium iodide metliod, which measures DNA fragmenta- 
tion, by flow cytometry. The percent apoptotic cells was 
recorded. Very long concentrations of Salinosporamide A 
(0.1 nM) were effective. The treatment were performed in 

[0049] FIG. 2A shows that Salinosporamide A sensitizes 
drug and Salinosporamide A resistant B-NHL Daudi cell line 
to CDDP-induced apoptosis. Daudi cells were treated for 
Ramos as in FIG. 1 above. 

[0050] FIG. 2B shows that Salinosporamide A sensitizes 
B-NHL Rituximab resistant Daudi RRl cell line to CDDP- 
induced apoptosis. The rituximab resistant clone Daudi-RRl 
was treated as in FIG. 1 above. 

[0051] FIG. 3A compares Salinosporamide A and bort- 
ezomib-induced sensitization of B-NHL Daudi WT cells to 
CDDP-induced apoptosis . Daudi cells were treated with vari- 
ous concentrations of bortezomib or Salinosporamide A for 1 
h and then treated with CDDP ( 1 0 ng/ml) for an additional 20 
h and the cells were treated for apoptosis as described in FIG. 
1 above. 

[0052] FIG. 3B compares Salinosporamide A and 
DHMEQ-induced sensitization of B-NHL Daudi WT cells to 
CDDP-induced apoptosis. Daudi cells were treated with vari- 
ous concentrations of DHMEQ (yiM) and/or Salinosporamide 
A (nM) for 1 h and then treated with CDDP (10 ng/ml) for an 
additional 20 h. The cells were then harvested and tested for 
apoptosis as described in FIG. 1 above. 
[0053] FIG. 4A compares the effect of Salinosporamide A 
and bortezomib on CDDP-induced apoptosis in Daudi RRl 
cells. The rituximab resistant Daudi RRl clone was treated 
with various concentrations of bortezomib and/or Salino- 
sporamide A for 1 h and then treated with CDDP 1 0 ng/ml for 
an additional 20 h. These cells were then examined for apo- 
ptosis as described in FIG. 1 above. 

[0054] FIG. 4B compares the effect of Salinosporamide A 
and DHMEQ on CDDP-induced apoptosis in Daudi RRl 
cells. The rituximab resistant Daudi RRl cells were treated 
with various concentrations of DHMEQ (pM) or Salmo- 
sporamide A (nM) for 1 h and then treated with CDDP (10 
Hg/ml) for an additional 20 h. The cells were then examined 
for apoptosis as described in FIG. 1 above. 
[0055] FIG. 5 shows rituximab-mediated sensitization to 
Salinosporamide A-induced apoptosis. Ramos cells were 
treated with rituximab (20 ng/ml) for 1 hand then treated with 



various concentrations of Salinosporamide A for an addi- 
tional 20 h. The cells were then examined for apoptosis as 
described above in FIG. 1. 

[0056] FIG. 6 shows that in comparison to rituximab-me- 
diated chemosensitization to CDDP, rituximab sensitizes to 
Salinosporamide A-induced apoptosis to a higher level than 
CDDP 

[0057] FIG. 7 shows the structure of Salinosporamide A. 
[0058] FIG. 8 shows that rituximab sensitizes Ramos 
B-NHL cells to Salinosporamide A-induced apoptosis. 
Ramos cells were cultured untreated or treated with rituximab 
(20 ng/ml) for 18 h. Thereafter, the cells were treated with 
adriamycin (ADR) (5 |ig/ml) or with different concentrations 
of Salinosporamide A (0.1, 1.0, 10 nM) overnight. The cell 
lines were examined for apoptosis by flow cytometry using 
the propidium iodide method for measuring DNA fragmen- 

[0059] FIG. 9 shows that treatment of tumor cells with 
Salinosporamide A results in the induction of the tumor sup- 
pressor, Raf-kinasc inhibitor protein (RKIP). Ramos cells 
were treated with 10 nM Salinosporamide A for various peri- 
ods of time, and total cell lysates were examined for the 
expression of RKIP by western blot analysis. The expression 
of P-actin was used as a control. 

[0060] FIG. 10 shows that treatment of tumor cells with 
Salinosporamide A inhibits YYl expression in Ramos 
B-NHL cells. Ramos cells were Ircalcd with various concen- 
trations of Salinosporamide A lor 24 hours, and total cell 
lysates were examined for the expression of YYl by westem 
blot analysis. The expression of P-actin was used as a control. 
[0061] FIG. 11 shows a schematic diagram representing the 
effect of Salinosporamide A on sensitization of drug-resistant 
tumor cells to various drug-immune-induced apoptosis. 
Tumor cells constitutively express activated NF-kB, which in 
turn regulates the transcription of various survival genes and 
anti-apoptotic genes as well as regulating the expression of 
the transcriptional repressor YYl . Treatment of the cells with 
Salinosporamide A results in inhibition of NF-kB activity 
leading to inhibition of survival gene products and anti-apo- 
ptotic gene products and resulting in chemosensitization. In 
addition, inhibition of NF-kB by Salinosporamide A also 
inhibits YYl , which we have shown to negatively regulate Fas 
and DR5 transcription. The inhibition of YYl results in 
upregulation of Fas and DR5 expression and sensitizes cells 
to FasL and TRAIL-induced apoptosis. 
[0062] FIG. 12 shows a schematic diagram representing 
tumor cells that express constitutively activated NF-kB, 
which regulates several anti-apoptotic gene products such as 
Bcl-2, Bcl-xL. and Mcl-l. Previous studies have demon- 
strated that those anti-apoptotic gene products are important 
for maintaining tumor cell resistance to various chemothera- 
peutic drugs. We have shown that treatment with rituximab 
inhibits NF-kB activity and also inhibits the above anti-apo- 
ptotic gene products and sensitizes the tumor cells to various 
chemosterapeutic drugs. Salinosporamide A also inhibits NF- 
kB activity, and the combination of rituximab and Salino- 
sporamide A results in complementation or synergy and apo- 
ptosis. The apoptosis is the result of rituximab-induced 
sensitization to Salinosporamide A apoptosis. 
[0063] FIG. 13 demonstrates that Salinosporamide A acti- 
vates caspase 9 in Ramos cells and in combination with 
CDDP more caspase 9 was activated. The activation of cap- 
sase 9 was assessed by westem as the level of pro-caspase 9 
was reduced following treatment. 
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[0064] FIG. 14 shows that Salinosporamide A inhibits the 
anti-apoptotic gene product Bcl-xL following treatment with 
very low concentrations (<2.5 nM). Bcl-xL expression was 

assessed by western. 

[0065] FIG. 15 shows that Salinosporamide A induces the 
expression of RKIP and PTEN and in combination with rit- 
uximab more was expressed as assessed by western. 
[0066] FIG. 16 shows tliat Salinosporamide A inhibits the 
growth factor pleiotrophin (PTN) expression significantly at 
the concentration of 5 nM. 

[0067] FIG. 17A shows that Salinosporamide A treatment 
of Ramos upregulated DR5 surface expression as detected by 
flow cytometry. 

[0068] FIG. 17B shows that Salinosporamide A upregu- 
lates DR5 expression in the rituximab resistant Ramos cells 
RRl. 

[0069] FIG. 18 shows that Salinosporamide A sensitizes 
TRAIL-resistant Ramos cells to TRAIL-induced apoptosis. 
[0070] FIG. 19 shows that Salinosporamide A upregulates 
DR5 expression in Ramos cells as determined by Western. 
[0071] I'IG. 20 shows that Salinosporamide A inhibits YYl 
transcription as determined by RT-PRC. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 

[0072] "Cancer" rcll-rs to human cancers and carcinomas, 
sarcomas, adenocarcinomas, lymphomas, leukcmias. etc., 
including solid and lymphoid cancers, kidney, breast, lung, 
bladder, colon, ovarian, prostate, pancreas, stomach, brain, 
head and neck, skin, uterine, testicular, glioma, esophagus, 
and liver cancer, including hepatocarcinoma, lymphoma, 
including B-acute lymphoblastic lymphoma, non-Hodgkin's 
lymphomas (e.g., Burkitt's, Small Cell, and Large Cell lym- 
phomas) and Hodgkin's lymphoma, leukemia (including 
AML, ALL, and CML), multiple myeloma, mantle cell lym- 
phoma, Waldenstrom's macrogobulinemia, and Philadelphia 
positive cancers. 

[0073] "Therapy resistant" cancers, tumor cells, and 
tumors refers to cancers that have become resistant to both 
apoptosis-mediated (e.g., through death receptor cell signal- 
ing, for example, Fas Ugand receptor, TRAIL receptors, TNF- 
Rl), various conventionally used chemotherapeutic drugs, 
hormonal drugs, and radiation, and non-apoptosis mediated 
(e.g., antimetabolites, anti-angiogenic, etc.) cancer therapies. 
"Therapy sensitive" cancers are not resistant to therapy. One 
of skill in the art will appreciate that some cancers are therapy 
sensitive to particular agents but not to others. Cancer thera- 
pies include chemotherapy, hormonal therapy, radiotherapy, 
immunotherapy, and gene therapy. 

[0074] "Therapy-mediated or induced cytotoxicity" refers 
to all mechanisms by which cancer therapies kill or inhibit 
cancer cells, including but not limited to inhibition of prolif- 
eration, inhibition of angiogenesis, and cell death due to, for 
example, activation of apoptosis pathways (e.g., death recep- 
tor cell signaling, for example. Fas ligand receptor, TRAIL 
receptors, TNF-Rl). Cancer therapies include chemotherapy, 
immunotherapy, radiotherapy, and hormonal therapy. 
[0075] "Therapeutic treatment" and "cancer therapies" and 
"cancer therapy reagents" refers to apoptosis-mediated and 
non-apoptosis mediated cancer therapies that treat, prevent, 
or inhibit cancers, including chemotherapy, hormonal 
therapy (e.g., androgens, estrogens, antiestrogens (tamox- 
ifen), progestins, thyroid hormones and adrenal cortical com- 



pounds), radiotherapy, and inununotherapy (e.g., ZEVALIN, 
BEXXAR, RITUXAN (rituximab), HERCEPTIN). Cancer 
therapies can be enhanced by administration with a sensitiz- 
ing agent, as described herein, either before or with the cancer 
therapy. 

[0076] "Chemotherapeutic drugs" include conventional 
chemotherapeutic reagents such as alkylating agents, anti- 
metabolites, plant alkaloids, antibiotics, and miscellaneous 
compmuuls e.g.. cis-platinum, CDDP, methotrexate, vincris- 
tine, aciriann cin. bleomycin, and hydroxyurea. Chemothera- 
peutic drugs also include proteasome inhibitors such as saU- 
nosporamides (e.g., Salinosporamide A), bortezomib, 
PS-5 1 9, omuralide, PR- 171 and its analogs, and Gleevec. The 
drugs can be administered alone or combination ("combina- 
tion chemotherapy"). 

[0077] By "sensitizingly effective amount or dose" or "sen- 
sitizingly sufHcient amount or dose" herein is meant a dose 
that produces cancer cell sensitizing effects for which it is 
administered. The exact dose will depend on the purpose of 
the treatment, and will be ascertainable by one skilled in the 
art using known techniques (see, e.g., Lieberman, Pharma- 
ceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, 
Science and Technology of Pharmaceutical Compounding 
(1999); Pickar, Dosage Calculations (1 999); and Remington: 
The Science and Practice of Pharmacy, 20th Edition, 2003, 
Gennaro, Ed., Lippincott, Williams & Wilkins). Sensitized 
cancer cells respond better to cancer therapy (are inhibited or 
killed faster or more often) than non- sensitized cells, as fol- 
lows: Control samples (untreated with sensitizing agents) are 
assigned a relative cancer therapy response value of 100%. 
Sensitization is achieved when the cancer therapy response 
value relative to the control is about 110% or 120%, prefer- 
ably 200%, more preferably 500-1000% or more, i.e., at least 
about 10% more cells are killed or inhibited, or the cells are 
killed or inhibited at least about 10% faster. Cancer therapy 
response value refers to the amount of killing or inhibition of 
a cancer cell, or the speed of killing or inhibition of a cancer 
cell when it is treated with a cancer therapy. Some compounds 
are useful both as therapeutic reagenls and as sensitizing 
reagents. Often, a lower dose (i.e., lower than the conven- 
tional therapeutic dose) or sub-toxic dose of such a reagent 
can be used to sensitize a cell . Often, when a cell is sensitized, 
a lower dose of the chemotherapeutic reagent can be used to 
achieve the same therapeutic effect as with a cell that has not 
been sensitized. 

[0078] By "therapeutically effective amount or dose" or 
"therapeutically sufficient amount or dose" herein is meant a 
dose that produces therapeutic effects for which it is admin- 
istered. The exact dose will depend on the purpose of the 
treatment, aid will be ascertainable by one skilled in the art 
using known techniques (see, e.g., Lieberman, Pharmaceuti- 
cal Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science 
and Technology of Pharmaceutical Compounding (1999); 
Pickar, Dosage Calculations (1999); and Remington: The 
Science and Practice of Pharmacy, 20th Edition, 2003, 
Gennaro, Ed., Lippincott, Williams & Wilkins). In sensitized 
cells, the therapeutically effective dose can often be lower 
than the conventional therapeutically effective dose for non- 
sensitized cells. 

[0079] Apoptosis refers to a process of programmed cell 
death that is different from the general cell death or necrosis 
that results from exposure of cells to non-specific toxic events 
such as metabolic poisons or ischemia in being an ordered 
molecular process by which unwanted cells undergo death. 
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Cells undergoing apoptosis show characteristic morphologi- 
cal changes such as chromatin condensation and fragmenta- 
tion and breakdown of the nuclear envelope in a process 
called pyknosis. As apoptosis proceeds, the plasma mem- 
brane is seen to form blebbings cells and the apoptotic cells 
are either phagocytosed or else break up into smaller vesicles 
which are then phagocytosed. Typical assays used to detect 
and measure apoptosis include microscopic examination of 
pyknotic bodies as well as enzymatic assays such as TUNEL 
labeling, caspase assay, annexin assay, and DNA laddering, 
among others. Apoptotic cells can be quantitated by FACS 
analysis of cells stained with propidium iodide for DNA 
hypoploidy. 

[0080] "Inducing apoptosis" refers to an agent or process 
which causes a cell to undergo the program of cell death 
described above for apoptosis. 

[0081] "Salinosporamide" refers to proteasome inhibitor 
compounds produced by Salinospora sp., a marine gram 
positive actinomycete, e.g., Salinosporamide A (Salinospora- 
mide A), B, C, etc, and analogs thereof Salinosporamidcs can 
be made by isolating the products from fermentation of Sali- 
nospora (wild type and mutant strains) and genetically engi- 
neered microorganisms, by biosynthesis in vitro using whole 
cells, enzymes, and recombinant enzymes, and by synthetic 
chemistry techniques. 

[0082] "Salinosporamide A" refers to proteasome inhibitor 
compotmds produced by Salinospora sp., a marine gram 
positive actinomycete. This term also refers to analogs of 
Salinosporamide A. Salinosporamide A and analogs thereof 
have structures as disclosed herein, e.g., in Formula 1 and 
FIG. 7, as well as in US20050049294, herein incorporated by 
reference. 

[008.1] ".Antibody" refers to a polypeptide comprising a 
IrainewDrk region from an immtmoglobulin gene or frag- 
meiils Ihereol lhat specifically binds and recognizes an anti- 
gen. I'hc recognized immunoglobulin genes include the 
kappa, lambda, alpha, gamma, delta, epsilon, and mu con- 
stant region genes, as well as the myriad inmiunoglobulin 
variable region genes. Light chains are classified as either 
kappa or lambda. Heavy chains are classified as gamma, mu, 
alpha, delta, or epsilon, which in turn define the immtmoglo- 
bulin classes, IgG, IgM, IgA, IgD and IgE, respectively. Typi- 
cally, the antigen-binding region of an antibody will be most 
critical in specificity and aflSnity of binding. 
[0084] Antibodies exist, e.g., as intact ininiiinoglobiilins or 
as a number of well-characterized fragmcuis produced by 
digestion with various peptidases. Thus, for example, pepsin 
digests an antibody below the disulfide linkages in the hinge 
region to produce F(ab)'2, a dimer of Fab which itself is a light 
chain joined to V^C^l by a disulfide bond. The F(ab)'2 may 
be reduced under mild conditions to break the disulfide link- 
age in the hinge region, thereby con\ crling ihe FXab)', dimer 
into an Fab' monomer. The Fab' monomer is csscntialh' Fab 
with part of the hinge region (see Fundamental Immunology 
(Paul ed., 3d ed. 1 993). While various antibody fragments are 
defined in terms of the digestion of an intact antibody, one of 
skill will appreciate that such fragments may be synthesized 
de novo either chemically or by using recombinant DNA 
methodology. Thus, the term antibody, as used herein, also 
includes antibody fragments either produced by the modifi- 
cation of whole antibodies, or those synthesized de novo 
using recombinant DNA methodologies (e.g., single chain 
Fv) or those identified using phage display libraries (see, e.g., 
McCafferty et al., Nature 348:552-554 (1990)) 



[0085] For preparation of antibodies, e.g., recombinant, 
monoclonal, or polyclonal antibodies, many technique 
known in the art can be used (see, e.g., Kohler & Milstein, 
Nature 256:495-497 (1975); Kozbor et al.. Immunology 
Today 4: 72 (1983); Cole et al., pp. 77-96 in Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985); 
Coligan, Current Protocols in Immunology (1991); Harlow & 
Lane, Antibodies, A Laboratory Manual (1988); and Coding, 
Monoclonal Antibodies: Principles and Practice (2d ed. 
1986)). The genes encoding the heavy and light chains of an 
antibody of interest can be cloned from a cell, e.g., the genes 
encoding a monoclonal antibody can be cloned from a hybri- 
doma and used to produce a recombinant monoclonal anti- 
body. Gene libraries encoding heavy and light chains of 
monoclonal antibodies can also be made from hybridoma or 
plasma cells. Random combinations of the heavy and light 
chain gene products generate a large pool of antibodies with 
different antigenic specificity (see, e.g., Kuby, Immunology 
(y' ed. 1 997)). Techniques for the production of single chain 
antibodies or recombinant antibodies (U.S. Pat. No. 4,946, 
778, U.S. Pat. No. 4,816,567) can be adapted to produce 
antibodies to polypeptides of this invention. Also, transgenic 
mice, or other organisms such as other mammals, may be 
used to express htmianized or htmian antibodies (see, e.g., 
U.S. Pat. Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 
5.6.33.425: 5,661,016, Marks et al., Bio/Technology 10:779- 
783 ( 1 992): 1 .onbcrg cl al., Nature 368:856-859 (1994); Mor- 
hson, Nature 368:812-13 (1994); Fishwild et al., Nature Bio- 
technology 14:845-51 (1996); Neuberger, Nature 
Biotechnology 14:826 (1996); and Lonberg & Huszar, Intern. 
Rev. Immunol. 1 3:65-93 (1995)). Alternatively, phage display 
technology can be used to identify antibodies and hetero- 
meric Fab fragments that specifically bind to selected anti- 
gens (see, e.g., McCafferty et a\.,Nature 348:552-554 (1 990); 
Marks et al., Biotechnology 10:779-783 (1992)). .Antibodies 
can also be made bispecific, i.e., able to recognize two differ- 
ent antigens (see. e.g., WO 93/08829, Traunecker et al., 
EMBOJ. 10:3655-3659 (1991); and Suresh et al.. Methods in 
Enzymology 121:210 (1986)). Antibodies can also be hetero- 
conjugates, e.g., two covalently joined antibodies, or immu- 
notoxins (see, e.g., U.S. Pat. No. 4,676,980, WO 91/00360; 
WO 92/200373; and EP 03089). 

[0086] Methods for humanizing orprimatizing non-human 
anlibotlies are well known in the art. Generally, a humanized 
aiilibody has one or more amino acid residues introduced into 
it from a source which is non-human. These non-human 
amino acid residues are often referred to as import residues, 
which are typically taken from an import variable domain. 
Humanization can be essentially performed following the 
method of Winter and co-workers (see, e.g., Jones et al.. 
Nature 321:522-525 (1986): Rieclmiann et al.. Nature 332: 
323-327 (1988): \erhoeyen et al. Science 239:1534-1536 
(1988) and Presta, Curr. Op. Struct. Biol 2:593-596 (1992)), 
by substituting rodent CDRs or CDR sequences for the cor- 
responding sequences of a human antibody. Accordingly, 
such humanized antibodies are chimeric antibodies (U.S. Pat. 
No. 4,816,567), wherein substantially less than an intact 
human variable domain has been substituted by the corre- 
sponding sequence from a non-human species. In practice, 
humanized antibodies are typically human antibodies in 
which some CDR residues and possibly some FR residues are 
substituted by residues from analogous sites in rodent anti- 
bodies. 
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[0087] A "chimeric antibody" is an antibody molecule in 
which (a) the constant region, or a portion thereof, is altered, 
replaced or exchanged so that the antigen binding site (\ ari- 
able region) is linked to a constant region of a different or 
altered class, effector fiinction and/or species, or an entirely 
different molecule which confers new properties to the chi- 
meric antibody, e.g., an enzyme, toxin, hormone, growth 
factor, drug, etc.; or (b) tlie variable region, or a portion 
thereof, is altered, replaced or exchanged with a variable 
region having a different or altered antigen specificity. 
[0088] As used herein, the term "alkyl" refers to a monova- 
lent straight or branched chain hydrocarbon group having 
from one to about 12 carbon atoms, including methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, tcrt-butyl, pcntyl, 
hexyl, and the like. 

[0089] As used herein, the term "substituted alkyl" refers to 
alkyl groups further bearing one or more substituents selected 
from hydroxy, alkoxy, mercapto, cycloalkyl, substituted 
cycloalkyl, heterocyclic, substituted heterocyclic, aryl, sub- 
stituted aryl, heteroarj'l, substimted heteroaryl, aryloxy, sub- 
stituted aryloxy, halogen, cyano, nitro, amino, amido, — C(0) 
H, acyl, oxyacyl, carboxyl, sulfonyl, sulfonamide, sulfuryl, 
and the like. 

[0090] As usedherein, the term "lower alkyl" refers to alkyl 
groups having from 1 to about 6 carbon atoms. 
[0091] As used herein, the term "alkenyl" refers to straight 
or hraiiched chain hydrocarbyl groups having one or more 
carbon-carbou double bonds, and having in the range of about 

2 up io 12 carbon atoms, and "substituted alkenyl" refers to 
alkenyl groups liirlhcr bearing one or more substituents as set 
forth above. Alkenyl groups useful in the present invention 
include, but are not limited to. ethenyl. n-propenyl. isoprope- 
nyl, n-butenyl, isobutenyl, pentenyl, hexenyl, and the like. 
[0092] As used herein, the term "alkynyl" refers to straight 
or branched chain hydrocarbyl groups having at least one 
carbon-carbon triple bond, and having in the range of about 2 
up to 12 carbon atoms, and "substituted alkynyl" refers to 
alkynyl groups liirther bearing one or more substituents as set 
forth above. Alkynyl groups useful in the present invention 
include, but are not limited to, ethynyl, propynyl, butynyl, 
pentynyl, hexynyl, and the like. 

[0093] As used herein, the term "aryl" refers to aromatic 
groups having in the range of 6 up to 14 carbon atoms and 1 
to 3 rings, and "substituted aryl" refers to aryl groups further 
bearing one or more substituents as set forth above. Aryl 
groups useful in the present invention include, but are not 
limited to, phenyl, benzyl, naphthyl, biphenyl, phenanthre- 
nyl, and anthrenyl. 

[0094] As used herein, the term "heteroaryl" refers to aro- 
matic rings containing one or more heteroatoms (e.g., N, O, S, 
or the like) as part of the ring structure, having in the range of 

3 up to 14 carbon atoms and 1 to 3 rings. "Substituted het- 
eroaryl" refers to heteroaryl groups fiirther bearing one or 
more substituents as set fori above. Heteroaryl groups useful 
in the present invention include, but are not limited to, 
pyridyl, pyridyl N-oxide, indolyl, indazolyl, quinoxalinyl, 
quinolinyl, isoquinolinyl, benzothienyl, benzofitranyl, ben- 
zopyranyl, benzothiopyranyl, furanyl, pyrrolyl, thiazolyl, 
benzothiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, 
pyrazolyl, imidazolyl, and thienyl. 

[0095] As used herein, the term "alkoxy" refers to the moi- 
ety — O-alkyl-, wherein alkyl is as defined above, and "sub- 
stituted alkoxy" refers to alkoxyl groups fiirther bearing one 
or more substituents as set forth above. 



[0096] As used herein, the term "thioalkyl" refers to the 
moiety — S-alkyl-, wherein alkyl is as defined above, and 
"substimted thioalkyl" refers to thioalkyl groups fiirther bear- 
ing one or more substiftients as set forth above. 
[0097] As used herein, the term "cycloalkyl" refers to ring- 
containing alkyl groups containing in the range of about 3 up 
to 8 carbon atoms, and "substituted cycloalkyl" refers to 
cycloalkyl groups fiirther bearing one or more substituents as 
set forth above. Cycloalkyl groups usefiil in the present inven- 
tion include, but are not limited to, cyclopropane, cyclobu- 
tane, cyclopentane, cyclohexane, cycloheptane and cyclooc- 

[0098] As used herein, the term "cycloalkenyl" refers to a 3 
to 8 membered cycloalkyl group having at least one carbon- 
carbon double bond (alkene) in the ring, and "substituted 
cycloalkenyl" refers to cycloalkenyl groups fiirther bearing 
one or more substituents as set forth above. Cycloalkenyl 
rings useful in the present invention include, but are not 
limited to, 1 -cyclopcntcnyl, 2-cyclopcntcnyl, 3-cyclopcntc- 
nyl, 1 -cyclohexenyl, 2-cyclohexenyl, 3-cyclohexenyl, as well 
as cyclopropenyl, cyclobutenyl, cycloheptenyl and 
cyclooctenyl. Cycloalkadienyls are also useful in the present 
invention and include, but are not limited to, cyclopentadi- 
enyl, cyclohexadienyl, cycloheptadienyl and cyclooctadi- 

[0099] As used herein, the term "heterocyclic", refers to 
cyclic (i.e., ring-containing) groups containing one or more 
heteroatoms (e.g., N, O, S, or the like) as part of the ring 
structure, having in the range of 3 up to 14 carbon atoms and 
1 to 3 rings. "Substituted heterocyclic" refers to heterocyclic 
groups further bearing one or more substituents as set forth 
above. Heterocyclic groups useful in the present invention, 
include, but are not limited to. pyrrolidinyl, pyrrolinyl. imi- 
dazolinyl, pyrazolidinyl. pyrazolinyl. piperidinyl. piperazi- 
nyl, indolinyl, quinuclidinyl. morpholinyl. tetraliydrofuranyl, 
tetrahydrothienyl and dioxane. 

[0100] The compounds of the invention may be formulated 
into pharmaceutical compositions as natural or salt forms. 
Pharmaceutical ly acceptable non-toxic salts include the base 
addition salts (formed with free carboxyl or other anionic 
groups) which may be derived from inorganic bases such as, 
for example, sodiimi. potassium, anmionium. calcium, or 
ferric hydroxides, and such organic bases as isopropylamine, 
trimethylamine. 2-ethylamino-ethanol. histidine. procaine, 
and the like. Such salts may also be fonned as acid addition 
salts with any free cationic groups and will generally be 
formed with inorganic acids such as, for example, hydrochlo- 
ric, sulfiiric, or phosphoric acids, or organic acids such as 
acetic, p-toluenesulfonic, methanesulfonic acid, oxalic, tar- 
taric, mandelic, and the like. Salts of the invention include 
amine salts fonned by the protonation of an amino group with 
inorganic acids such as hydrochloric acid, hydrobromic acid, 
hydroiodic acid, sulfuric acid, phosphoric acid, and the like. 
Salts of the invention also include amine salts formed by the 
protonation of an amino group with suitable organic acids, 
such as p-toluenesulfonic acid, acetic acid, and the like. Addi- 
tional excipients which are contemplated for use in the prac- 
tice of the present invention are those available to those of 
ordinary skill in the art, for example, those found in the 
United States Pharmacopeia Vol. XXll and National Formu- 
lary Vol. XVII, U.S. Pharmacopeia Convention, Inc., Rock- 
ville, Md. (1989), the relevant contents of wliich is incorpo- 
rated herein by reference. 
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[0101] The compounds according to this invention may 
contain one or more asymmetric carbon atoms and thus occur 
as racemates andracemic mixtures, single enantiomers, dias- 
tereomeric mixtures and individual diastereomers. The term 
"stereoisomer" refers to chemical compounds wliich differ 
from each other only in the way that the different groups in the 
molecules are oriented in space. Stereoisomers have the same 
molecular weight, chemical composition, and constitution as 
another, but with the atoms grouped differently. That is, cer- 
tain identical chemical moieties are at different orientations in 
space and, therefore, when pure, have the ability to rotate the 
plane of polarized light. However, some pure stereoisomers 
may have an optical rotation that is so slighl that il is unde- 
tectable with present instrumentation. All such isomeric 
forms of these compounds are expressly included in the 
present invention. 

[0102] Each stereogenic carbon may be of R or S configu- 
ration. Althougli the specific compounds exemplified in this 
application may be depicted in a particular configuration, 
compounds having either the opposite stereochemistry at any 
given chiral center or mixtures thereof are also envisioned. 
When chiral centers are found in the derivatives of this inven- 
tion, it is to be understood that this invention encompasses all 
possible stereoisomers. The terms "optically pure com- 
pound" or "optically pure isomer" refers to a single stereoi- 
somer of a chiral compotmd regardless of the configuration of 
the compound. 

IL Compounds 

[0103] Compotmds usefiil in the present invention include 
those of Formula I: 




wherein each of R\ and R^ are independently selected 
from the group consisting of H, alkyl, substituted alkyl, alk- 
enyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, heterocy- 
clic, substituted heterocyclic, cycloalkyl, substituted 
cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, substituted 
thioalkyl, hydroxy, halogen, amino, amido, carboxyl, — C(0) 
H, acyl, oxyacyl, carbamate, sulfonyl, sulfonamide, and sul- 
fmy\. R^ is a 5-8 membered cycloalkyl optionally substituted 
with 1 -8 R^ groups or a 5-8 membered cycloalkenyl option- 
ally substituted with 1 -8 R^ groups. Each R^ is independently 
selected from the group consisting of alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
aryl, substituted aryl, cycloalkyl, and substituted cycloalkyl. 
Each of , X^, and X"* is independently selected from the 
group consisting of O, NR^ and S. And R** is H or Cj-Cg alkyl. 



[0104] Additional compounds useful in the present inven- 
tion include the following: 




Salinosporamides disclosed in J. Org. Chem., 70(16), 6196- 
6203, 2005 are incorporated herein by reference. Additional 
Salinsoporamides are described in US20050049294, herein 
incorporated by reference in its entirety. 



us 2009/0148445 Al 



11 



Jun. 11,2009 



[0105] The compounds of the present invention can be pre- 
pared by a variety of methods including fermentation, recom- 
binant biosynthesis and via synthetic methodologies. 
[0106] A. Fermentation 

[0107] The compounds of the present invention can be pre- 
pared, for example, by bacterial fermentation, which gener- 
ates the compounds in suflScient amounts for pharmaceutical 
drug development and for clinical trials. In some embodi- 
ments, invention compounds are produced by fermentation of 
the actinomycete strains CNB392 and CNB476 in AlBfe+C 
or CKA-liquid media. Essential trace elements which are 
necessary for the growth and development of the culture 
should also be included in the culture medium. Such trace 
elements commonly occur as impurities in other constituents 
of the medium in amounts sufficient to meet the growth 
requirements of the organisms. It may be desirable to add 
small amoimts (i.e. 0.2 mL/L) of an antifoam agent such as 
polypropylene glycol (M.W. about 2000) to large scale culti- 
vation media if foaming becomes a problem. The organic 
metabolites are isolated by adsorption onto an amberlite 
XAD-16 resin. For example, Salinosporamide A is isolated 
by elution of the XAD-16 resin with methanohdichlo- 
rmethane 1:1, which affords about 105 mg crude extract per 
liter of culture. Salinosporamide A is then isolated fiom the 
crude extract by reversed-phase flash chromatography fol- 
lowed by reverse-phase HPLC and normal phase HPLC, 
which yields 6.7 mg of Salinosporamide A. FIG. 5 and 
Example 1 of US 2004/0259856 (incorporated herein by ref- 
erence) set forth a fermentation procedure for the preparation 
of the compounds of the instant invention. US20050049294, 
herein incorporated by reference in its entirety, also provides 
methods of isolating the compounds from fermentation broth. 
[0108] B. Recombinant Biosynthesis 
[0109] Recombinant biosynthesis uses cells expressing 
cloned genes and optionally naturally occurring pathways to 
create biosynthetic pathways to produce natural and novel 
metabolites (see, e.g., Altreuteret al., Curr. Opin. Biotehcnol. 
10:130-136 (1999); Reynolds, PNAS 95:12744-12746 
(1998); and Cane et al. Science 282:63-68 (1998)). Several 
biosynthetic pathways are possible for the production of the 
compounds of the present invention, including a mixed 
polyketide-non-ribosomal peptide synthesis pathway. 
Polyketides and non-ribosomal peptides are synthesized from 
small chain carboxylic acid and amino acid monomers, 
respectively, by large multifimctional protein complexes 
called polyketide synthetases andnonribosomal peptide syn- 
thetases. US20050049294, herein incorporated by reference 
in its entirety, also provides information on recombinant bio- 
synthesis. 

[0110] C. Synthetic procedure 

[0111] the compounds of the present invention can also be 
prepared using standard organic synthesis procedures known 
in the art. An exemplary synthetic procedure can be found in 
US 2005/0228186 (incorporated herein by reference) for the 
synthesis of 




ci 



One of skill in the art will recognize that additional pathways 
exist for the synthetic preparation of the compounds of the 
present invention. US20050049294, herein incorporated by 
reference in its entirety, also provides information on synthe- 
sis of the compounds. 

III. Methods 

[0112] As described herein, Salinosporamide A is useful 
for sensitizing both sensitive and resistant cancer cells to 
therapy based apoptosis when administered in combination 
with low dose or sub-toxic amounts of cancer therapeutic 
reagents. Salinosporamide A and the low dose or sub-toxic 
amount of a cancer therapeutic can be administered alone to 
sensitize cells for subsequent therapies or co-administered in 
combination with chemotherapy, radiotherapy, hormonal 
therapy, or immunotherapy. In another embodiment, Salino- 
sporamide A is used as a chemotherapeutic agent after cellu- 
lar sensitization using an antibody. Salinosporamide A as a 
therapeutic can be administered alone or co-administered in 
combination with chemotherapy, radiotherapy, hormonal 
therapy, or immunotherapy. Methods of using Salinospora- 
mide A are also described in US patent appUcation 
20050239866 and 20050049294, herein incorporated by ref- 
erence in their entirety. 

[0113] Pharmaceutically acceptable carriers are deter- 
mined in part by the particular composition being adminis- 
tered, as well as by the particular method used to administer 
the composition. Accordingly, there are a wide variety of 
suitable formulations of pharmaceutical compositions of the 
present invention (see, e.g., Remington's Pharmaceutical 
Sciences, 20** ed., 2003, supra). 

[0114] Formulations suitable for oral administration can 
consist of (a) liquid solutions, such as an effective amount of 
the compound suspended in diluents, such as water, saline or 
PEG 400; (b) capsules, sachets or tablets, each containing a 
predetermined amount of the active ingredient, as liquids, 
solids, granules or gelatin: (c) suspensions in an appropriate 
liquid; and (d) suitable emulsions. Tablet forms can include 
one or more of lactose, sucrose, maimitol, sorbitol, calcium 
phosphates, com starch, potato starch, microcrystalline cel- 
lulose, gelatin, colloidal silicon dioxide, talc, magnesium 
stearate, stearic acid, and other excipients, colorants, fillers, 
binders, diluents, buffering agents, moistening agents, pre- 
servatives, flavoring agents, dyes, disintegrating agents, and 
pharmaceutically compatible carriers. Lozenge forms can 
comprise the active ingredient in a flavor, e.g., sucrose, as 
well as pastilles comprising the active ingredient in an inert 
base, such as gelatin and glycerin or sucrose and acacia emul- 
sions, gels, and the like containing, in addition to the active 
ingredient, carriers known in the art. 
[0115] The compound of choice, alone or in combination 
with other suitable components, can be made into aerosol 
formulations (i.e., they can be "nebulized") to be adminis- 
tered via inhalation. Aerosol formulations can be placed into 
pressurized acceptable propellants, such as dichlorodifluo- 
romethane, propane, nitrogen, and the like. 
[0116] Suitable formulations for rectal administration 
include, for example, suppositories, which consist of the 
compound with a suppository base. Suitable suppository 
bases include natural or synthetic triglycerides or paraffin 
hydrocarbons. In addition, it is also possible to use gelatin 
rectal capsules which consist of a combination of the com- 
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pound of choice with a base, including, for example, liquid 
triglycerides, polyethylene glycols, and paraffin liydrocar- 

[0117] Formulations suitable for parenteral administration, 
such as, for example, by mtraarticular (m the joints), intrave- 
nous, intramusctUar, intratumoral, intradermal, intraperito- 
neal, and subcutaneous routes, include aqueous and non- 
aqueous, isotonic sterile injection solutions, which can 
contain antioxidants, buffers, bacteriostats, and solutes that 
render the formulation isotonic with the blood of the intended 
recipient, and aqueous and non-aqueous sterile suspensions 
that can include suspending agents, solubilizers, thickening 
agents, stabilizers, and preservatives. In the practice of this 
invention, compositions can be administered, for example, by 
intravenous infusion, orally, topically, intraperitoneally, 
intravesically or intrathecally. Parenteral administration, oral 
administration, and intravenous administration are the pre- 
ferred methods of administration. The formulations of com- 
pounds can be presented in unit-dose or multi-dose sealed 
ciiiiUiiiiers, such as ampules and vials. 
[01 18] Injection solutions and suspensions can beprepared 
from sterile powders, granules, and tablets of the kind previ- 
ously described. Cells transduced by nucleic acids for ex vivo 
therapy can also be administered intravenously or parenter- 
ally as described above. 

[0119] The pharmaceutical preparation is preferably in unit 
dosage fonn. In such lorm the preparation is subdivided into 
unit doses containing appropriate quantities of the active 
component. The unit dosage lorm can be a packaged prepa- 
ration, the package containing discrete quantities of prepara- 
tion, such as packeted tablets, capsules, and powders in vials 
or ampoules. Also, the unit dosage form can be a capsule, 
tablet, cachet, or lozenge itself, or it can be the appropriate 
number of any of these in packaged form. The composition 
can, if desired, also contain other compatible therapeutic 
agents. 

[0120] Preferred pharmaceutical preparations deliver one 
or the compounds of the invention, optiona Uy in combination 
with one or more therapeutic agents, in a sustained release 
formulation. Typically, Salinospotamide A is administered 
therapeutically as a sensitizing agent that increases the sus- 
ceptibility of tumor cells to other cytotoxic cancer therapies, 
including chemotherapy, radiation therapy, immimotherapy 
and hormonal therapy. In some embodiments, Salinospora- 
mide A acts as a chemotherapeutic reagent after cellular sen- 
sitization using an antibody. 

[0121] In therapeutic use for the treatment of cancer, the 
compounds utilized in the pharmaceutical method of the 
invention are administered at the initial dosage of about 0.001 
mg/kg to about 1 000 mg/kg daily. A daily dose range of about 

0.01 mg/kg to about 500 mg/kg, or about 0.1 mg/kg to about 
200 mg/kg, orabout 1 mg/kg to about 100 mg/kg, or about 10 
mg/kg to about 50 mg/kg, can be used. The dosages, however, 
may be varied depending upon the requirements of the 
patient, the severity of the condition being treated, and the 
compound being employed. For example, dosages can be 
empirically determined considering the type and stage of 
cancer diagnosed in a particular patient. The dose adminis- 
tered to a patient, in the context of the present invention 
should be sufficient to effect a beneficial therapeutic response 
in the patient over time. The size of the dose also will be 
determined by the existence, nature, and extent of any adverse 
side-effects that accompany the administration of a particular 
compound in a particular patient. Determination of the proper 



dosage for a particular situation is within the skill of the 
practitioner Generally, treatment is initiated with smaller 
dosages which are less than the optimum dose of the com- 
pound. Thereafter, the dosage is increased by small incre- 
ments until the optimum effect under circumstances is 
reached. For convenience, the total daily dosage may be 
divided and administered in portions during the day, if 
desired. 

[0122] The pharmaceutical preparations are typically 
delivered to a mammal, including humans and non-human 
mammals. Non-human mammals treated using the present 
methods include domesticated animals (i.e., canine, feline, 
murine, rodentia, and lagomorpha) and agricultural animals 
(bovine, equine, ovine, porcine). 

EXAMPLES 

[0123] The following examples are offered to illustrate, but 
not to limit the claimed invention. 

Example I 
Salinosporamide a Induced Sensitization 

1) Salinosporamide A-Induced Sensitization of Drug-Resis- 
tant B-NHL Ramos and Daudi Cell Lines to CDDP-hiduced 
Apoptosis 

[0124] The CDDP resistant B-NHL Ramos cell line was 
treated with various concentrations of Salinosporamide A for 
one hour and then treated with predetermined nontoxic con- 
centration of CDDP (15 ixg/ml) for an additional 20 hours. 
The cells were then harvested and examined for apoptosis 
using the propidium iodide (PI) technique by flow cytometry 
examining DNA fragmentation. FIG. 1 shows that the com- 
bination treatment with Salinosporamide A and CDDP 
resulted in significant potentiation of cytotoxicity. In addi- 
tion, Salinosporamide A treatment alone showed modest 
cytotoxicity at the concentration of 1 and 1 0 nM. The poten- 
tiation of c>totoxicily was mostly observed al very low con- 
centrations of Salinosporamide A (0.1 nM) and significant 
synergistic cytotoxicity was observed. Similar studies were 
perfomied with the Daudi B-NHL cell line. Like Ramos, 
significant cytotoxicity was observed and the extent of cyto- 
toxicity was a function of the concentration of Salinospora- 
mide A used (FIG. 2A). These findings demonstrate that 
Salinosporamide A sensitizes both Ramos and Daudi B-NHL 
cells to CDDP-induced apoptosis. 

2) Salinosporamide A-Mediated Sensitization of Rituximab 
Resistant Daudi Clone (Daudi RRl) to CDDP-Induced Apo- 
ptosis. 

[0125] Rituximab (chimeric anti-CD20 monoclonal anti- 
body) has beenused in the treatment of Non-Hodgkin's Lym- 
phoma alone or in combination with chemotherapy. The clini- 
cal response has been very encouraging; however, some 
patients are initially unresponsive or develop resistance fol- 
lowing treatment. In order to investigate the mechanism of 
rituximab resistance we have developed in our laboratory 
rituximab resistant clones from B-NHL cell lines. We have 
selected certain clones for frirther analysis of the underlying 
mechanism of resistance. In the present study we have exam- 
ined the Daudi RRl clone which is resistant to rituximab- 
induced signaling and unlike Daudi wild type, rituximab 
failed to sensiti2B Daudi RRl to drug-mduced apoptosis. In 
addition, we have found that Daudi RRl also develops the 
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highest degree of drug resistance compared to wild type. We 
investigated whether Salinosporamide A can sensitize Daudi 
RRl to CDDP-induced apoptosis. FIG. 2B demonstrates that 
indeed Salinosporamide A significantly sensitized Daudi 
RRl to CDDP-induced apoptosis and the extent of potentia- 
tion of cytotoxicity was a function of the concentration of 
Salinosporamide A used. These findings demonstrate that 
Salinosporamide A may be used clinically to reverse ritux- 
imab resistance to chemotherapy. 

3) Comparison Between Salinosporamide A and Bortezomib 
in their Ability to Sensitize B-NHL Cell Lines to CDDP- 
induced Apoptosis 

[0126] a) Study with Daudi and Wild Type Cells 
[0127] We examined the effect of Salinosporamide A and 
bortezomib in their ability to sensitize Daudi wild type cells to 
CDDP-induced apoptosis. The tumor cells were treated for 
one hour with various concentrations of Salinosporamide A 
or bortezomib (range 1-15 nM) and then treated with CDDP 
(10 |xg/ml) for an additional 20 h. The cells were then exam- 
ined for apoptosis as described above. The findings shown in 
FIG. 3A demonstrate diat both agents yielded comparable 
results with respect to chemosensitization and with equiva- 
lent concentration dependent effects. There were significant 
apoptosis by the combination treatment at all concentrations 
of inhibitors used. 
[0128] b) Study with Daudi RRl 

[0129] We performed similar experiments as above with 
rituximab resistant Daudi RRl cells and the findings are 
summarized in FIG. 4.A.. Like Daudi wild type, significant 
potentiation of apoptosis was observed by both agents. In the 
combination treatment with CDDP, both inhibitors showed 
similar patterns of potentiation of cytotoxicity. 
[0130] The findings with both Daudi and Daudi RRl cells 
demonstrate that Salinosporamide A and bortezomib showed 
similar findings under the conditions used and the model 
system utilized. Further analysis by changing the time of 
treatment and with other cell lines will determine if there were 
dillerences wilh respect to the concentrations and cytotoxic- 
ity when using Salinosporamide A or bortezomib in sensiti- 
zation experiments. 

4) Comparison between Salinosporamide A and the NF-kB 
inhibitor, DHMEQ in their ability to sensitize drug resistant 
tumor cells to CDDP-induced apoptosis. 

[0131] a) Study with Daudi Wild Type Cells 
[0132] DHMEQ is a NF-kB inhibitor that has been shown 
to be selective and preventing NF-kB translocation from the 
cytoplasm to the nucleus (Horiguchi, et al., Expert Rev. .'^ti- 
cancer Then, 2003, 3(6): 793-8.). We have reported that 
DHMEQ can sensitize drug-resistant tumor cells to drug- 
induced apoptosis. We examined the differential effects of 
Salinosporamide A and DHMEQ in their ability to sensitize 
Daudi to CDDP-induced apoptosis. Tumor cells were treated 
with different concentrations of DHMEQ (range 1-65 [iM) 
and Salinosporamide A (range 1-50 nM) for 1 h and then 
treated with CDDP (10 |xg/ml) for an additional 20 h and the 
cells were then examined for apoptosis as described above. 
The findings in FIG. 3B demonstrate that DHMEQ can sen- 
sitize Daudi cells to CDDP-induced apoptosis and sensitiza- 
tion was a function of the concentration used. Interestingly, 
the extent of sensitization by DHMEQ was similar to that 
obtained with Salinosporamide A, however, there was a sig- 
nificant difference in the amount of inhibitor used. A 4,000 
fold higher concentration used with DHMEQ as compared to 
Salinosporamide A. 



[0133] b) Study with Daudi RRl Cells 
[0134] Similar studies were performed as above in a) with 
Daudi RRl cells. The findings in FIG. 4B demonstrate that 
both inhibitors sensitize cells to CDDP-induced apoptosis. 
Similar patterns were obtained by both inhibitors; however, 
there was a 4,000 fold higher concentration used with 
DHMEQ as compared to Salinosporamide A. 
[0135] This finding demonstrates that Salinosporamide A 
is a superior inhibitor and sensitizing agent as compared to 
DHMEQ based on the concentration used. However, fiirther 
studies are needed to demonstrate selectivity with other tumor 
cell lines. 

5) Conclusions: 

[0136] The above findings have demonstrated the follow- 
ing: 

[01371 1 1 S;ilin.ispoRimide A al \eiy low concenlralions 
(0.1-lOnM) sensili/es both rituximab sensiliveand riluximab 
resistant B-NHL tumor cells to drug-induced apoptosis. 
[0138] 2) Comparing the effectiveness of Salinosporamide 
A and bortezomib in the model system used, revealed that 
both agents at similar concentrations sensitize B-NHL cells to 
drug-induced apoptosis. 

[0139] 3) Comparing Salinosporamide A and the specific 
NF-kB inhibitor DHMEQ revealed that both agents sensi- 
tized tumor cells to drug-induced apoptosis; however, sensi- 
tization by DHMEQ required a 4,000 fold increase in the 
concentration as compared to Salinosporamide A. 

Example II 

Salinosporamide a as a Chemotherapeutic Agent for 
Rituximab-Sensitized Cells 

[0140] Our published work with B-NHL cells revealed that 
rituximab sensitized drug resistant tumor cells to drug 
induced apoptosis. Sensitization was the result of inhibition 
of survival pathways such as the Raf-Mek-Erk and NF-kB 
pathways. These pathways resulted to down regulation of the 
anti-apoptotic gene product, selectively Bcl^, (Jazirehi and 
Bonavida, 2005). Since Salinosporamide A was shown to be 
cytotoxic in sensitive tumor cells, we considered that it might 
behave like a chemotherapeutic drug and thus we examined 
whether rituximab can sensitize tumor cells to Salinospora- 
mide A induced apoptosis. We have reported that rituximab 
treatment of B-NHL cell lines sensitized the drug-resistant 
cells to drug-induced apoptosis. One of the mechanisms by 
which rituximab sensitizes the tumor cells to drug-induced 
apoptosis has been shown to be mediated via inhibition of the 
NF-kB pathway and downstream the selective inhibition of 
the anti-apoptotic product BClj^ expression. Inhibitors of 
this pathway mimicked rituximab in sensitizing the cells to 
drug-induced apoptosis (Jazirehi, et al, 2005, Cancer 
Research, 65(l):264-76). We hypothesized that proteasome 
inhibitors that inhibit NF-kB activity and downstream anti- 
apoptotic gene products may sensitize tumor cells to drug- 
induced apoptosis. The new proteasome inhibitor Salino- 
sporamide A (Nereus Pharmaceuticals), which inhibits 
NF-kB activity, has been shown to sensitize B-NHL cells to 
drug (CDDP, adriamycin)-induced apoptosis. Salinospora- 
mide A has also been shown to directly kill sensitive tumor 
cells by apoptosis. Also, Salinosporamide A induces apopto- 
sis in multiple myeloma cells resistant to conventional and 
bortezomib therapies (Chauhan et al.. Cancer Cell 2005 In 
Press). 
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[0141] We hypothesized that Sahnosporamide A may 
behave like a chemotherapeutic drug and rituximab may 
therefore sensitize the tumor cells to Sahnosporamide A-in- 
ducedapoptosis. Ramos cells were treated with rituximab (20 
ug/ml) (12 h to 18 h) and the cells were treated with various 
concentrations of Sahnosporamide A (1-10 nM) for an addi- 
tional 20 h and the cells were examined for apoptosis using 
tlie PI method detecting DNA fragmentation by flow cytom- 
etry. The combination treatment resulted in significant apop- 
tosis. The synergistic activity was detected with very low 
concentrations of Salinosporamide A >=1 nM. By compari- 
son, several thousand fold higher concentrations of chemo- 
therapeutic drugs (e.g. CDDP, adriamycin) were used for 
rituximab-mediated chemosensitization of Ramos cells. We 
also examined the Salinosporamide A resistant Daudi cells 
following treatment with rituximab for 1 h and Salinospora- 
mide A for an additional 20 h and apoptosis was measured as 
before. The findings in FIG. 5 show that the combination of 
rituximab (20 ug/ml) and Salinosporamide A (10 nM) 
resulted in significant apoptosis and synergy was achieved. 
These findings demonstrate that the combination of rituximab 
and Salinosporamide A may be a therapeutic option for the 
treatment of drug-resistance and resistant tmnor cells. FIG. 6 
shows that in comparison to rimxiniab-mediated chemosen- 
sitization to CDDP, we have found that rituximab sensitizes to 
Salinosporamide A-induced apoptosis with a higher level 
than CDDP. The studies revealed that rituximab can sensitize 
drug-resistant tumor cells to Salinosporamide A induced apo- 
ptosis. 

[01421 We flirther found that rituximab sensitizes cells to 
Salinosporamide .\-induccd apoptosis to ;i higher level than 
docs adriamycin (ADR). As shown in I'ICi. 8. whereas sole 
treatment of cells with Salinosporamide A showed no detect- 
able cytotoxic effects, pre-treatment of the timior cells with 
rituximab resulted in significant sensitization of the tumor 
cells to Salinosporamide A-induced apoptosis and synergy 
was achieved. The sensitization of rituximab to Salinospora- 
mide A-induced apoptosis was greater than that achieved with 
ADR. FIG. 8 also shows that low concentrations of 1 nM 
Salinosporamide A-induced significant apoptosis in ritux- 
imab pre-treated tumor cells. Higher concentrations of Sali- 
nosporamide A (10 nM) appear to be less elTective due to cell 
loss. These results demonstrate that rituximab sensitizes the 
tumor cells to the proteasome inhibitor Salinosporamide 
A-mediated apoptosis. In addition, the findings suggest that 
rituximab (or chemosensitizing agents) used in combination 
with Salinosporamide A may result in synergistic activity and 
can reverse drug and/or rituximab resistance of B-NHL. 

Example III 

Salinosporamide a Induction of Raf-Kinase Inhibitor 
Protein (RKIP) 

[0143] The acquisition of resistance to conventional thera- 
pies such as chemotherapy, radiation, and immunotherapy 
remains a major obstacle in the successfijl treatment of can- 
cer. Among the mechanisms of resistance is the acquisition of 
resistance to apoptotic stimuli by tumor cells. Hence, tumor 
cells develop mechanisms to resist apoptosis and exhibit con- 
stitutive hyperactivation of survival and anti-apoptotic signal- 
ing pathways. Tumor suppressors exist in normal cells that 
negatively regulate cell survival and enhance response to 
apoptotic stimuU. The dysregulation of such controls that 
regulate cell survival and proliferation leads to neoplastic 



transformation. Thus, most tumor cells have dysregulated 
expression or function of functional tamor suppressors 
through deletion or mutation or low expression. Therefore, 
agents that can upregulate the expression of fimctional tumor 
suppressors would be usefijl to counteract the survival and 
anti-apoptotic pathways in tumor cells . Such agents would be 
expected to inhibit tumor cell proliferation or survival and/or 
sensitize cells to the cytotoxic effect of conventional cyto- 
toxic therapies. 

[0144] As shown in FIG. 9, treatment of tumor cells with 
Salinosporamide A results in the induction of the tumor sup- 
pressor. Raf-kinase inhibitor protein (RKIP). RKIP is a mem- 
ber of the phosphotitK lethanolamine-binding protein (PEBP) 
family. Kamos cells were treated with 10 nM Salinospora- 
mide A for various periods of time, and total cell lysates were 
examined for the expression of RKIP by western blot analy- 
sis. The expression of P-actin was used as a control. The data 
in FIG. 9 shows that there is an increase in the levels of RKIP 
protein after a 15 minute exposure of Ramos cells to 10 nM 
Salinosporamide A. 

[0145] It has been shown that RKIP inhibits the Raf/MEK/ 
ERK 1/2 and the NF-kB survival signaling pathways, and 
consequently, the expression of several anti-apoptotic gene 
products that are regulated by these pathways. Furthermore, 
expression of RKIP has been shown to reverse the resistance 
of drug-resistant cancer cells to drug-induced apoptosis. In 
addition, RKIP expression has been found to be depressed in 
primary tumors as compared to normal tissues and has been 
found to be lost following malignancy and metastasis in 
tumors. Thus, the ability of Salinosporamide A to induce the 
expression of RKIP in tumor cells provides a novel therapeu- 
tic target for avoiding or reversing therapy resistance of can- 
cer cells and may be especially useful in treating metastases. 

Example IV 

Salinosporamide a Inhibits the Expression of YYl 

[0146] As shown in FIG. 1 0, treatment of tumor cells with 
Salinosporamide A results in the inhibition of expression of 
the transcriptional regulator protein YYl . YYl is a transcrip- 
tion repressor that is overexpressed in cancer cells and has 
been shown to play a role in maintaining the resistance of 
tumor cells to various therapeutics. Ramos cells were treated 
with various concentrations of Salinosporamide A for 24 
hours, and total cell lysates were examined for the expression 
ofYYl by western blot analysis and by RT-PCR. The expres- 
sion of |3-actin was used as a control. The data in FIG. 10 
shows that there is a decrease in the levels ofYY 1 protein after 
a 24 hour exposure of Ramos cells to various concentrations 
of Salinosporamide A. 

Example V 
Salinosporamide a .Analogs 
[0147] Analogs of Salinosporamide A, as shown in For- 
mula I and in US 20050049294 are tested for activity as 
sensitizing agents and as chemotherapeutic agents as 
described above in Examples I, II, and III. 

Example VI 

Salinosporamide a Activates Caspase 9 and Inhibits 
Bcl-XL Expression 
[0148] FIGS. 13 and 14 demonstrate that Salinosporamide 
A treatment of tumor cells results in the activation of caspase 
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9, and also inhibits expression of the anti-apoptotic gene 
BCLxl. Activation of caspase 9 indicates that Salinospora- 
mide A activates the mitochondria and type II apoptosis and 
facilitates its direct or indirect activation of the effector 
caspases 3 and 7 for apoptosis. The inhibition of BCLxl by 
Salinosporamide A demonstrates that it inhibits a key anti- 
apoptotic factor that regulates resistance in many tumors. 
Also, it suggests that Salinosporamide A mediated inhibition 
of BCLxl may be responsible, in part, for its sensitizing effect 
on resistant tumor cells. 

Example VII 

Salinosporamide a Induces PTEN and Inliibits P I N 
[0149] The findings in FIG. 15 demonstrate that Salino- 
sporamide A induces expression of the phosphatase inhibitor 
PTEN, or the AKT cell survival pathway. This induction 
inhibits the anti-apoptotic AKT pathway and contributes to 
Salinosporamide A induced sensitization to apoptosis. Fur- 
ther, most resistant tumor cells express low levels of PTEN, 
and PTEN is a target for therapeutic intervention, as well as a 
biomarker 

[0150] The findings in FIG. 16 demonstrate that Salino- 
sporamide A inhibits the expression of the growth I'actor 
pleiotrophin (P I N). PI N has been reported to be elevated in 
tumor cells and in the circulation of cancer patients and is of 
prognostic significance. In addition, inhibition of PTN con- 
tributes to the sensitizing effect of Salinosporamide A. PTN is 
also a target for therapeutic intervention. 

Example VII 

Salinosporamide a Upregulates Death Receptor DR5 
and Sensitizes Tumor Cells to Trail-Induced .\popto- 

[0151] FIGS. 17 A and B, 18 and 19 demonstrate that Sali- 
nosporamide A upregulates the expression of the TRAIL 
death receptor DR5 and sensitizes TRAIL resistant tumor 
cells to TRAIL mediated apoptosis. These findings demon- 
strate also that Salinosporamide A is a therapeutic agent that 
can be used in combination with TRAIL or agonist anti-DR5/ 
DR5 mAbs in the treatment of drug/TRAIL resistant cells. 
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[0157] It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modifications or changes in light thereof will be sug- 
gested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of 
the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer- 
ence in their entirety for all purposes. 

1. A method of treating, preventing or inhibiting a cancer, 
the method comprising the step of administering to a subject 



a therapeutically effective amotmt of a cancer therapy reagent 
and a sensitizingly effective amount of a compound of For- 




wherein 

each of R\ R^ and R^ are independently selected from the 
group consisting of H, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, het- 
erocyclic, substituted heterocyclic, cycloalkyl, substi- 
tuted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amide, 
carboxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, 
sulfonamide, and sulfuiyl; 

is a 5-8 mombered cycloalkyl optionally substituted 
with 1-8 groups or a 5-8 membered cycloalkenyl 
optionally substituted with 1 -8 groups; 

each R^ is independently selected from the group consist- 
ing of alkyl, substituted alkyl, alkenyl, substituted alk- 
enyl, alkynyl, substituted alkynyl, aryl, substituted aryl, 
cycloalkyl, and substituted cycloalkyl; 

each of X\ X^, and X"* is independently selected from 
the group consisting of O, NR® and S; and 

R^isHorCi-Cgalkyl. 

2. The method of claim 1, wherein 

each of R^ and R^ are independently selected from the 
group consisting of H, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, and substituted cycloalkj'l; 

R^ is selected from the group consisting of alkoxy, substi- 
tuted alkoxy, thioalkyl, substituted thioalkyl, hydroxy, 
halogen, amino, amido, oxyacyl, carbamate, sulfonyl, 
sulfonamide, and sulfuryl; 

R"* is a 5-8 membered cycloalkenyl optionally substituted 
with 1 -8 R' groups; 

each of X', X' and X^* is O; and 

X^ is NH. 

3. The method of claim 1, wherein 

each of R^ and R^ are independently selected from the 
group consisting of alkyl, substituted alkyl, alkenyl, sub- 
stituted alkenyl, alkynyl, and substituted alkynyl; 

R' is selected from the group consisting of alkoxy, substi- 
tuted alkoxy, tliioalkyl, substituted thioalkyl, hydroxy, 

R'* is cyclohexenyl optionally substituted with 1-8 R^ 
groups: 

each of X\ X^' and X* is O; and 
X^ is NH. 

4. The method of claim 1, wherein 
R^ is an alkyl or substituted alkyl; 
R^ is alkyl; 

R^ is hydroxy; 

R^ is cyclohexenyl; and 

each ofX\ and X^ is O; and 

X^isNH. 
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5. The method of claim 4, wherein the substituted alkyl of 

is a halogenated alltyl. 

6. The method of claim 5, wherein the halogenated alkyl is 
selected from the group consisting of a fluorinated alkyl chlo- 
rinated alkyl, and brominated alkyl. 

7. (canceled) 

8. (canceled) 

9. The method of claim 7, wherein the compound has the 
following structure: 




ci 



10. The method of claim 7, wherein the compotmd has the 
following structure: 




ci 



11 . The method of claim 1, wherein the sensitizingly effec- 
tive amount of the compound of Formula I is suflicient to 
inhibit expression of an anti-apoptotic gene product, thereby 

inducing apoptosis. 



12. (can 


celed) 


13. (can 


celed) 


14. (can 


celed) 


15. (can 


celed) 


16. (can 


celed) 


17. (can 


celed) 


18. (can 


celed) 


19. (can 


celed) 



20. The method of claim 1, wherein the cancer therapy 
reagent is a chemotherapeutic reagent, an immunotherapeutic 
reagent, a radiotherapeutic reagent, or a hormonal therapeutic 
reagent. 

21. The method of claim 1, wherein the cancer is selected 
from the group consisting of: non-Hodgkin's lymphoma, 
B-acute lymphoblastic lymphoma, prostate cancer, ovarian 



cancer, renal cancer, lung cancer, breast cancer, colon cancer, 
leukemia, multiple myeloma and hepatocarcinoma. 

22. The method of claim 21, wherein the cancer is lym- 

23. The method of claim 21, wherein the cancer is non- 
Hodgkin's lymphoma. 

24. The method of claim 1, wherein the cancer therapy 
reagent induces apoptosis. 

25. The method of claim 24, wherein the cancer therapy 
reagent is a chemotherapeutic reagent, an immunotherapeutic 
reagent, a radiotherapeutic reagent, or a hormonal therapeutic 
reagent. 

26. The method of claim 24, wherein the cancer therapy 
reagent is rituximab immunotherapy. 

27. The method of claim 26, wherein the cancer is B-NHL. 

28. (canceled) 

29. The method of claim 1, wherein the cancer is therapy- 
resistant. 

30. The method of claim 29, wherein the therapy is selected 
from the group consisting of immunothenipy, chemotherapy, 
radiotherapy, and hormonal therapy. 

.31 . The method of claim 1, wherein the cancer is therapy- 

.32. The method of claim 1, wherein the therapeutically 
effective amount of a cancer therapy reagent and the sensi- 
tizingly effective amount of a compound of Formula I are 
administered concurrently. 

33. The method of claim 32, wherein the cancer therapy 
reagent comprises bortezomib administration. 

34. The method of claim 32, wherein the cancer therapy 
reagent is a chemotherapeutic reagent, an immunotherapeutic 
reagent, a radiotherapeutic reagent, or a hormonal therapeutic 
reagent. 

35. The method of claim 1. wherein the therapeutically 
effective amount of a cancer therapy reagent and the sensi- 
tizingly effective amount of a compound ol' l-'ornuila I are 
administered sequentially. 

36. The method of claim 1, wherein the subject is a human. 

37. (canceled) 

38. (canceled) 

39. (canceled) 

40. (canceled) 

41. (canceled) 

42. (canceled) 

43. A composition comprising a therapeutically effective 
amount of rituximab and a sensitizingly effective amount of a 
compound of Formula I in a physiologically acceptable 
excipient. 

44. A kit comprising a therapeutically effective amount of 
rituximab and a sensitizingly effective amount of a compound 
of Formula 1. 

45. A method of treating, preventing or inhibiting a cancer 
with proteasome inhibitor therapy, the method comprising the 
step of administering to a subject a sensitizingly effective 
amount of an antibody or chemosensitizing reagent and a 
therapeutically effective amount of a compound of Formula I: 
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wherein 

each of R^, and R" are independently selected from the 
group consisting of H, alkyl, substimted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, 
substituted aryl, heteroaryl, substituted lieteroaryl, het- 
erocyclic, substituted heterocyclic, cycloalkyl, substi- 
tuted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, 
carboxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, 
sulfonamide, and sulftuyl; 

R^ is a 5-8 membered cycloalkyl optionally substituted 
with 1-8 R^ groups or a 5-8 membered cycloalkenyl 
optionally substimted with 1-8 R^ groups; 

each R^^ is itidependently selected from the group consist- 
ing of alkyl, substituted alkyl, alkenyl, substituted alk- 
enyl, alkynyl, substituted alkynyl, aryl, substituted aryl, 
cycloalkyl, and substituted cycloalkyl; 

each of X^, X^, X^ and X^ is independently selected from 
the group consisting of O, NR^ and S; and 

R^isHorCi-Cgalkyl. 

46. (canceled) 

47. The method of claim 45, wherein the antibody is ritux- 
imab. 

48. The method of claim 45, wherein the cancer is lym- 

49. A composition comprising a sensitizingly effective 
amount of rituximab and a therapeutically effective amount 
of a compound of Formula I in a physiologically acceptable 
excipient. 

50. A kit comprising a sensitizingly effective amount of 
rituximab and a therapeutically effective amount of a com- 
potmd of Formula I. 

51 . A method of treating, preventing or inhibiting a cancer, 
the method comprising the step of administering to a subject 
a therapeutically effective amount of a compotmd of Formula 




wherein 

each of R^, R^ and R^ are independently selected fom the 
group consisting of H, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, het- 



erocyclic, substituted heterocyclic, cycloalkyl, substi- 
tuted cycloalkyl, alkoxy, substimted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, 
carboxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, 
sulfonamide, and sulfitryl; 

R^ is a 5-8 membered cycloalkyl optionally substituted 
with 1-8 R^ groups or a 5-8 membered cycloalkenyl 
optionally substimted with 1 -8 R^ groups; 

each R^ is independently selected from the group consist- 
ing of alkyl, substituted alkyl, alkenyl, substituted alk- 
enyl, alkynyl, substituted alkynyl, aryl, substituted aryl, 
cycloalkyl, and substimted cycloalkyl; 

each of X\ X^, X^ and X* is independently selected from 
the group consisting of O, NR^ and S; and 

R** isHorCj-QalkyUnd 

wherein said therapeutically effective amount is sufiBcient 
to induce the expression of RKIP or PTEN, thereby 
inducing apoptosis. 

52. (canceled) 

53. (canceled) 

54. (canceled) 

55. (canceled) 

56. (canceled) 

57. (canceled) 

58. A method of treating a therapy resistant cancer, the 
method comprising the step of administering to a subject a 
therapeutically effective amount of a compotmd of Formula I: 




wherein 

each of R\ R^ and R^^ are independently selected from the 
group consisting of H, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, het- 
erocyclic, substituted heterocyclic, cycloalkyl, substi- 
tuted cycloalkyl, alkoxy, substituted alkoxy, thioalkyl, 
substituted thioalkyl, hydroxy, halogen, amino, amido, 
carboxyl, — C(0)H, acyl, oxyacyl, carbamate, sulfonyl, 
sulfonamide, and sulfuryl; 

R"* is a 5-8 membered cycloalkyl optionally substituted 
with 1-8 R^ groups or a 5-8 membered cycloalkenyl 
optionally substituted with 1-8 R' groups; 

each R' is independently selected from the group consist- 
ing of alkyl. substittited alkyl, alkenyl, substituted alk- 
enyl. alkynyl. substituted alkynyl, aryl, substituted aryl, 
cycloalkyl. and substituted cycloalkjd; 

each ofX\ X^, X^^ and X^ is independently selected from 
the group consisting of O, NR*" and S; and 

R^isHorCi-CgalkyUnd 

wherein said therdpeutically effective amount is sufficient 
to induce the expression of RKIP or PTEN, thereby 
inducing apoptosis. 
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METHODS OF USING [3.2.0] 
HETEROCYCLIC COMPOUNDS AND 
ANALOGS THEREOF IN TREATING 
WALDENSTROM'S MACROGLOBULINEML\ 

RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provi- 
sional Application No. 61/012,396, filed Dec. 7, 2007, wliich 
is incorporated herein by reference in its entirety. 

BACKGROUND OF THE IN\'ENTION 
[0002] 1 . Field of the Invention 

[0003] The present invention relates to certain conipomids 
and to methods for the preparation and the use of certain 
compounds in the fields of chemistry and medicine. 
[0004] 2. Description of the Related Art 
[0005] Cancer is a leading cause of death in the United 
States. Despite significant efforts to find new approaches for 
treating cancer, the primary treatment options remain surgery, 
chemotherapy and radiation therapy, either alone or in com- 
bination. Surgery and radiation therapy, however, are gener- 
ally useful only for fairly defined types of cancer, and are of 
limited use for treating patients with disseminated disease. 
Chemotherapy is the method that is generally useful in treat- 
ing patients with metastatic cancer or diffuse cancers such as 
leukemias. Although chemotherapy can provide a therapeutic 
benefit, it often fails to result in cure of the disease due to the 
patient's cancer cells becoming resistant to the chemothera- 
peutic agent. Due, in part, to the likelihood of cancer cells 
becoming resistant to a chemotherapeutic agent, such agents 
are commonly used in combination to treat patients. 
[0006] Waldenstrom's Macroglobulinemia (WM) is a bio- 
logically tmique low-grade B-cell lymphoma. WM is charac- 
terized by the presence of lymphoplasmacytic cells in the 
bone marrow and the secretion of IgMmonoclonal protein in 
the serum, indicating that WM cells present a high protein 
turnover. WM is becoming a model low-grade lymphoma to 
test and validate therapeutic compounds that are specifically 
active in this biologically unique malignancy. 
[0007] Therefore, a need exists for additional chemothera- 
peutic agents to treat cancer and more specifically WM. A 
continuing effort is being made by individual investigators, 
academia and companies to identify new. potentially useful 
chemotherapeutic agents. 

[0008] Marine-derived natural products are a rich source of 
potential new anti-cancer agents and anti-microbial agents. 
The oceans are massively complex and house a diverse 
assemblage of microbes that occur in envirormients of 
extreme variations in pressure, salinity, and temperature. 
Marine microorganisms have therefore developed unique 
metabolic and physiological capabilities that not only ensure 
sur\'ival in extreme and varied habitats, but also offer the 
potential to produce metabolites that would not be observed 
from terrestrial microorganisms (Okami, Y. 1 993 / Mar Bio- 
technol 1:59). Representative structural classes of such 
metabolites include terpenes, peptides, polyketides, and com- 
pounds with mixed biosynthetic origins. Many of these mol- 
ecules have demonstrable anti-tumor, anti-bacterial, anti-fun- 
gal, anti-inflammatory or immimosuppressive activities 
(Bull, A. T. et al. 2000 Microbiol Mol Biol Rev 64:573; Cragg, 
G. M. & D. J. Newman 2002 Trends Pharmacol Sci 23:404; 
Kerr, R. G. & S. S. Kerr 1999 Exp Opin Ther Patents 9:1207; 
Moore, B. S 1999 Nat Prod Rep 16:653; Faulkner, D. J. 2001 



Nat Prod Rep 18:1; Mayer, A. M. & V. K. Lehmann 2001 
Anticancer Res 21 :2489), vaUdating the utility of this source 
for isolating invaluable therapeutic agents. Further, the isola- 
tion of novel anti-cancer and anti-microbial agents that rep- 
resent alternative mechanistic classes to those currently on 
the market will help to address resistance concerns, including 
any mechanism-based resistance that may have been engi- 
neered into pathogens for bioterrorism purposes. 

SUMMARY OF THE INVENTION 

[0009] The embodiments disclosed herein generally relate 
to chemical compounds, including heterocyclic compounds 
and analogs thereof. 

[0010] In some embodiments, the compounds are used to 
treat WM. Certain embodiments relate to methods of treating 
WM in animals. The method can include, for example, 
administering an effective amount of a compotmd to a patient 
in need thereof. Other embodiments relate to the use of com- 
pounds in the manufacture of a pharmaceutical or medica- 
ment for the treatment of WM. 

[0011] The compounds can be administered or used in 
combination with treatments such as chemotherapy, radia- 
tion, and biologic therapies. In some embodiments the com- 
pounds can be administered or used with a chemotherapeutic 
agent. Examples of such chemotherapeutics include alka- 
loids, alkylating agents, antibiotics, antimetabolites, 
enzymes, hormones, platinum compounds, immunothera- 
peutics (antibodies, T-cells, epitopes), BRMs, and the like. 
Examples include, \^ncristine, \^nblastine, \^desine, Pacli- 
taxel (Taxol), Docetaxel, topoisomerase inhibitors epipodo- 
phyllotoxins (Etoposide (VP-16), Teniposide (VM-26)), 
Camptothecin. nitrogen mustards (cyclophosphamide 
Cytoxan), Nitrosoureas, Carmustine. lomustine. dacarba- 
zine, hydroxymethylmelamine, tliiotepa and mitocycin C, 
Dactinomycin (Actinomycin D), anthracycline antibiotics 
(Daunorubicin, Daunomycin, Cerubidine), Doxorubicin 
(Adriamycin), Idarubicin (Idamycin), Anthracenediones 
(Mitoxantrone), Bleomycin (Blenoxane), Plicamycin (Mith- 
ramycin, Antifolates (Methotrexate (Folex, Mexate)), purine 
antimetabolites (6-mercaptopurine (6-MP, Purinethol) and 
6-tliioguanine (6-TG). The two major anticancer drugs in this 
category are 6-mercaptopurine and 6-thioguanine, Chlorode- 
oxyadenosine and Pentostatin. Pentostatin (2'-deoxycofor- 
mycin), pyrimidine antagonists, Avastin, Leucovorin, Oxali- 
platin, fluoropyrimidines (5-fluorouracil (Adrucil), 
5-fluorodeoxyuridine (FdUrd) (Floxuridine)), Cytosine Ara- 
binoside (Cytosar, ara-C), Fludarabine, L-ASPARAGI- 
NASE, Hydroxyurea, glucocorticoids, antiestrogens, tamox- 
ifen, nonsteroidal antiandrogens, flutamide, aromatase 
mhibitors Anastrozole (Arimidex), Cisplatin. 6-Mercaptopu- 
rine and Thioguanine, Methotrexate. Cytoxan. Cytarabine, 
L-Asparaginase, Steroids: Prednisone and Dexamethasone. 
Also, proteasome inliibitors such as bortezomib and carfil- 
zomib (PR-1 71) can be used in combination with the instant 
compounds, for example. Examples of biologies can include 
agents such as TRAIL, antibodies to TRAIL and agonistic 
antibodies TRAIL death receptors DR4 and DR5, integrins 
such as alpha-V-beta-3 (aVp3) and/or other cytokine/growth 
factors that are involved in angiogenesis, VEGF, EGF, FGF 
and PDGF and antibodies to these cytokines/growth factors 
such as Erbitux. In some aspects, the compounds can be 
conjugated to or delivered with an antibody. 
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[0012] In other embodiments, the compoimds are adminis- 
tered in combination with a histone deacetylase inhibitor 
(HDACi). In various embodiments, the HDACi is selected 
from the group consisting of: 




Apicidin 

OH 




OH 

(-)-Depudecin 




-continued 




Valproic acid 

O 




[0013] In other embodiments, the compounds can be used 
in combination with vascular disrupting agents (VDA). 
Examples of such VDAs include combratostatin CA4P and 
NPI-2358. NPI-2358 is represented by the following formula: 



NPI-2358 

O 




[0014] Some embodiments relate to uses of a structure of 
Formula I, or a pharmaceutically acceptable salt or pro-drug 
ester thereof: 



Fomuk I 




[0015] wherein R^, R3, and R4 separately may include a 
hydrogen, a halogen, a mono-substituted, a poly-substituted 
or an unsubstituted variant of the following residues: satu- 
rated C1-C24 alkyl, unsaturated C2-C24 alkenyl or C2-C24 
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbo- 
nyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, 
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, 
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, 
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, car- 
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boxy, cyano, thio, sulfoxide, sulfone, sulfonate esters, thio- 
cyano, boronic acids and esters, andhalogenatedalkyl includ- 
ing polyhalogenated alkyl; 
[0016] wherein m is equal to 1 or 2; 
[0017] wherein n is equal to 1 or 2; 

[0018] wherein each of E^, Ej, E, and E4 is a substituted or 
unsubstituted heteroatom; and 

[0019] wherein E5 may include OH, O, ORm, S, SR^, 
SO2R11, NH, NH2, NOH, NHOH, NRj^, and NHOR13. 
[0020] Other embodiments relate to methods of treating 
WM in an animal. The methods can include, for example, 
administering to the animal, a therapeutically effective 
amount of a compound of a formula selected from Formula I, 
and pharmaceutically acceptable salts and pro-drug esters 
thereof 

[0021] Further embodiments relate to pharmaceutical com- 
positions which include a compound of a formula selected 
from Formula I. 

[0022] Still further embodiments relate to methods of 
inhibiting the growth of a cancer cell. Tlie methods can 
include, for example, contacting a cancer cell with a com- 
pound of a formula selected from Formula I and pharmaceu- 
tically acceptable salts and pro-drug esters thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The accompanying drawings, which are incorpo- 
rated in and form part of the specification, merely illusfrate 
certain preferred embodiments of the present invention. 
Together with the remainder of the specification, they are 
meant to serve to explain preferred modes of making certain 
compounds of the invention to those o fskillcd in the art. In the 
drawings: 

[0024] FIG. lA is a graph showing thymidine uptake assay 
and cytotoxicity assessed by MTT. BCWM. 1 cells were cul- 
tured with salinosporamide A (2.5-40 nM) for 48 hours. 
[0025] FIG. IB is a graph showing thymidine uptake assay. 
Several IgM-secretiiig cell lines. WM-WSU(*), MEC-1 (■), 
Namalwa were cultured with saliiiospuramide A (2.5-40 nM) 
for 48 hours. 

[0026] FIG. IC is a graph showing several IgM secreting 
cell lines, WM-WSU, MEC-1, Namalwa were cultured with 
salinosporamide A for 48 hours. Cytotoxicity was assessed by 
MTT assay. 

[0027] FIG. ID is a graph showing freshly isolated bone 
marrow CD19* tumor cells from 3 patients with WM were 
cultured with salinosporamide A (2.5-40 nM [E]; 2.5-80 nM 
[F]). Cytotoxicity was assessed by MTT assay. 
[0028] FIG. IE is a graph showing BCWM. 1 cultured with 
salinosporamide A for 48 hours at doses that range from 2 to 
30 nM and the percentage of cells undergoing apoptosis was 
studied by Apo2.7 staining. 

[0029] FIG. IF is a western blot showing BCWM.l cells 
cultured with salinosporamide A (2.5-20 nM) for 12 hours. 
Whole cell lysates were subjected to Western blotting using 
anti-caspase 8, -PARP, -Mcl-l, -Smac/DIABLO, -cIAP, 
-XIAP, -survivin, and -a-tubulin antibodies. 
[0030] FIG. 2A is a graph showing BCWM. 1 cells cultured 
with salinosporamide A (2.5, 5 and lOnM) for 48 hours, in the 
presence or absence of bortezomib (5 and 10 nM). Cytotox- 
icity was assessed by MTT assay. 

[0031] FIG. 2B is a graph showing a representative isobo- 
logram of salinosporamide A associated to bortezomib with 
the CalcuSyn software demonstrating synergy for the com- 
bination. 



[0032] FIG. 2C is a chart showing indexes (C.I.) and frac- 
tions affected (FA) of the combinations of salinosporamide A 
and bortezomib. All experiments were repeated in triplicate. 
[0033] FIG. 2D is a pichire showing BCWM.l cultured 
with salinosporamide A (10 nM) in presence or absence of 
bortezomib (10 nM) for 12 hours. Whole cell lysates were 
subjected to Western blotting using anti-caspase-8, -9, -3, 
-PARP, -Smac/DIABLO, -cIAP, -XIAP, -survivin, -p-HSP27, 
-HSP27, -HSP70, -HSP90 and a-tabulin antibodies. 
[0034] FIG. 3A is a graph showing BCWM.l cells cultured 
with either salinosporamide A (10 nM), bortezomib (10 nM), 
or the combination for 4 hours, then human TNF-a (10 
ng/mL) was added for the last 20 minutes. NF-KBp65 tran- 
scription factor-binding to its consensus sequence on the 
plate-bound oligonucleotide was studied from nuclear 
extract. Wild type and mutant are wild type and mutated 
consensus competitor oligonucleotides, respectively. All 
results represent means (±sd) of triplicate experiments. 
[0035] FIG. 3B is a picture showing BCWM.l cells cul- 
tured with either salinosporamide A (10 nM), bortezomib (10 
nM), or the combination for 4 hours, and TNF-a (10 ng/mL) 
was added for the last 20 minutes. Cytoplasmic and nuclear 
exfracts were subjected to western blotting using anti-p-NF- 
KBp65, — NF-KBp50, — NF-KBp52 IkBa, -RelB, -p-lKB, 
— ^IkB, -nucleolin and -a-tubulin antibodies. 
[0036] FIG. 3C is a picture showing BCWM.l cells cul- 
tured with either salinosporamide A (lOnM), bortezomib (10 
rmi), or the combination for 4 hours, and TNF-a (10 ng/mL) 
was added for the last 20 minutes. Cytoplasmic and nuclear 
exfracts were subjected to western blotting using anti-p-NF- 
KBp65, -NF-KBp50, -NF-KBp52 IkBa, -RelB, -p-lKB, -IkB, 
-nucleolin and -a-tubulin antibodies. 
[0037] FIG. 3D is a picture showing BCWM.l cells cul- 
tured with salinosporamide A (10 nM) and bortezomib (10 
nM) for 4 hours, or control medium, and TNF-a (10 ng/mL) 
was added for the last 20 minutes. Innnunocytochemical 
analysis was assessed as described in Materials and Methods. 
[0038] FIG. 4A is a pichire showing BCWM.l cultured 
with salinosporamide A (2.5-20 nM) for 6 hours. Whole cell 
lysate were subjected to Western blotting using anti -p-Akt, 
-Akt, -p-GSK3a/|3, -p-S6R, -p-ERK, and -a-tubulin antibod- 

[0039] FIG. 4B is a picture showing hi vitro Akt kinase 
assay. BCWM.l cells cultured with control media or salino- 
sporamide A (2.5-20 nM) for 6 hours. Whole cell lysates were 
immunoprecipitated with anti- Akt antibody. Then the immu- 
noprecipitate was washed and subjected to in vitro kinase 
assay according to manufachirer's protocol. Western blotting 
used anti-p-GSK3a/|3 and anti-Akt antibodies. 
[0040] FIG. 4C is a graph showing BCWM.l cells trans- 
duced with Akt shRNA for 48 hours. Mock: control plasmid. 
BCWM.1 fransfected cells or BCWM.l control cells were 
treated with salinosporamide A (2.5-20 nM) for 48 hours. 
Cytotoxicity was assessed by MTT assay. Whole cell lysates 
were subjected to western blotting using anti-p-Akt, -Akt, 
and a-tubulin antibodies. 

[0041] FIG. 4D is a graph showing BCWM. 1 cells or pri- 
mary CDl 9* tumor cells from 2 patients with WM (FIG. 4E 
i, ii, iii) were incubated for 4 hours m the presence of diluent 
or 10 nM salinosporamide A, bortezomib 10 nM, or bort- 
ezomib+salinosporamide A. The chymotrypsin-like (CT-L), 
trypsin-like (T-L), and caspase-like (C-L) activity of the 20S 
proteasome of BCWM. 1 was determined by measurement of 
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fluorescence generated from the cleavage of the fluorogenic 
substrates suc-LLVY-amc, boc-LRR-amc, and z-LLE-ainc, 
respectively. 

[0042] FIG. 5A is a graph showing BCWM. 1 cells cultured 
with control media, and with salinosporamide A (2 . 5-20 nM), 
with and without bortezomib (10 nM) for 48 hours, in the 
presence or absence of BMSCs. Cell proliferation was 
assessed using [^H] -thymidine uptake assay. All data repre- 
sent mean (±sd) of triplicate experiment. 
[0043] FIG. 5B is a graph showing BCWM. 1 cultured with 
control media or salinosporamide A (2.5-20 nM), with and 
without bortezomib (10 nM) for 48 hours, in presence or 
absence of lL-6 (25 ng/niL) (10 |.iM). Proliferation was 
assessed by thymidine uptake assay. 
[0044] FIG. 5C is a western blot showing BCWM.l cells 
cultured with control media or salinosporamide A (10 nM) 
with and without bortezomib (10 nM) for 8 hours. Cells were 
then stimulated with IL-6 (25 ng/ mL) for 10 minutes. Whole 
cell lysates were subjected to western blotting using anti-p- 
AKT, anti-AKT, anti-p-STAT3 and anti-a-tubulin. 
[0045] FIG. 5D is a graph showing colony-fomiing cell 
assay. Negative fraction after CD 19* selection of bone mar- 
row mononuclear cells was cultured using methylcellulose 
semisolid teclmique in absence or presence of salinospora- 
mide A (10 nM, 20 nM) either alone or in combination with 
bortezomib 1 0 nM, and BFU-E, CFU-GM, CFU-M and CFU- 
GEMM were counted at day 14'*. All experiments have been 
done in triplicate. 

[0046] FIG. 6A is a graph showing Transwell migration 
assay showing inhibition of migration of BCWM. 1 in the 
presence of salinosporamide A (2.5-20 nM), bortezomib (10 
nM), or salinosporamide A (10 nM) in combination with 
bortezomib (10 nM). SDF-1 30 nM was placed in the lower 
chambers and induced migration as compared to confrol with 
no SDF-1 (Cfrl, control). SDF-1 was placed in the lower 
chambers of the salinosporamide A/bortezomib-treated 

[0047] FIG. 6B is a graph showing an adhesion assay with 
BCWM. 1 cells in the presence or absence of salinosporamide 
A (10 nM), either alone or in combination with bortezomib 
(lOnM). BCWM.l cells demonstrated increased adhesion in 
fibronectin-coated wells (control) as compared to BSA- 
coated wells (BS A, bovine serum albumin). ^Ul data represent 
mean (±sd) of triplicate experiments. 
[0048] FIG. 6C is a picture showing BCWM.l cells cul- 
tured with control media or salinosporamide A (10 nM) with 
and without bortezomib (10 nM) for 4 hours, in presence or 
absence of fibronectin (FN). Nuclear extracts were subjected 
to western blotting using anti-p-p65, -p50, and -nucleolin 
antibodies. 

[0049] FIG. 6D is a graph showing in vivo flow cytometry. 
Dil-labeled treated cells and DiR-labeled untreated cells were 
injected in the tail vein of 2 BALB/c mice. Cells were cotmted 
every 5 min for 45 minutes as described in Material and 
Methods. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0050] Numerous references are cited herein. The refer- 
ences cited herein, including the U.S. patents cited herein, are 
each to be considered incorporated by reference in their 
entirety into this specification. 

[0051] Embodiments of the invention include, but are not 
limited to, providing a method for the preparation of com- 



pounds, including compounds, for example, those described 
herein and analogs thereof, and to providing a method for 
producing pharmaceutically acceptable anti -cancer composi- 
tions. The methods can include the compositions in relatively 
high yield, wherein the compounds and/or their derivatives 
are among the active ingredients in these compositions. Other 
embodiments relate to providing novel compounds not 
obtainable by currently available methods. Furthermore, 
embodiments relate to methods of treating cancers, particu- 
larly those affecting humans. In some embodiments, one or 
more formulae, one or more compounds, or groups of com- 
pounds can be specifically excluded from use in any one or 
more ol' ihe nielhotis of treating the conditions described 
herein. As one lUuslrutive example, compounds of Formula 
1-16 can be excluded in some embodiments from the methods 
of treating cancer generally, for example, or a specific type of 
cancer. The methods may include, for example, the step of 
administering an effective amount of a member of a class of 
new compounds. Preferred embodiments relate to the com- 
pounds and methods of making and using such compounds 
disclosed herein, but not necessarily in all embodiments of 
the present invention, these objectives are met. 
[0052] For the compounds described herein, each stereo- 
genic carbon can be of R or S configuration. Although the 
specific compounds exemplified in this application can be 
depicted in a particular configuration, compounds having 
either the opposite slereochemislry al any given chiral eenler 
or mixtures thereof are also envisioned. When chiral centers 
are found in the derivatives of this invention, it is to be under- 
stood that the compounds encompass all possible stereoiso- 

[0053] As discussed above, WM is a biologically unique 
low-grade B-cell lymphoma. WM is characterized by the 
presence of lymphoplasmacytic cells in the bone marrow and 
the secretion of IgM monoclonal protein in the serum, indi- 
cating that WM cells present a high protein turnover. Protein 
metabolism is a tightly regulated process, and inhibition of its 
turnover may lead to apoptosis in malignant cells, such as 
withproteasome inhibitors. The major activity of proteasome 
inhibitors is through targeting the IL-6 and NF-kB signaling 
pathways. Both these pathways are critical regulators of sur- 
vival and proliferation in B-cell malignancies including WM. 
[0054] The multicatalytic ubiquitin-proteasome pathway is 
responsible for the degradation of many eukaryotic cellular 
proteins. Tliis pathway also controls the activation of NF-kB 
by regulating the degradation of IkBq. NF-kB plays a critical 
role in regulating many cellular responses including immu- 
nity, inflammation, proliferation, survival, and angiogenesis. 
Inactive NF-kB complexes with its inhibitor, iKBa, and 
remains sequestered in the cytosol. A variety of stimuli trigger 
the phosphorylation of IkB by IkB kinase (IKK). Phospho- 
rylated IkB is then a target for ubiquination and proteasome 
mediated degradation, wliich in turn releases NF-kB to trans- 
locate from the cytosol to the nucleus. Once in the nucleus, 
NF-kB stimulates transcription of numerous cytokines, 
chemokines, and cell adhesion molecules. NF-kB is consti- 
tutively activated in numerous hematologic malignancies, 
including plasma cell dyscrasias like multiple myeloma. This 
pathway also interacts with the PI3K/Akt pathway, a critical 
regulator of survival in WM cells based on our previous 
stadies. Akt indhectly activates NF-kB through direct phos- 
phorylation and activation of IkB kinase alpha (IKKa), 
thereby inducing degradation of NF-kB inhibitor alpha 
(iKBa) by the ubiquitin-proteasome pathway. 
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[0055] Bortezomib (Velcade, PS-341; Millennium Inc, 
Cambridge, Mass.), a proteasome inhibitor, inhibits tlie ubiq- 
uitin-26S proteasome pathway, which regulates the mmover 
of a vast number of intracellular proteins, has become an 
exciting target in a variety of malignancies, most notably 
multiple myeloma and Mantle Cell Lymphoma (MCL). The 
proper functioning of this system is crucial for cell cycle 
regulation, gene transcription, and signal transduction. Inlii- 
bition of the proteasome effectively decreases the degrada- 
tion of iKBa and prevents NF-kB release and subsequent 
translocation to the nucleus. Based on its activity in multiple 
myeloma and MCL, single agent bortezomib was tested in 
WM in phase I trials and achieved 40-80% responses. 
[0056] It has been shown that certain compounds described 
herein lead to inhibition of proliferation and induction of 
apoptosis in WM cell lines and CD19+ primary WM cells at 
doses achievable in vivo, hi addition, the combination of 
certain compoimds described herein and bortezomib leads to 
synergistic cytotoxicity on WM cell lines, IgM secreting cell 
lines and patient cells. These two agents lead to inliibition of 
nuclear translocation of p65 NF-kB, with activity on the 
canonical and non-canonical NF-kB pathway, and synergistic 
induction of caspases 3, 8 and 9 cleavage as well as PARP 
cleavage and induction of Smac/DIABLO. 
[0057] Accordingly, some embodiments include adminis- 
tering a compound disclosed herein (e.g., a compound of 
Formula I) to a subjecl lo lre;il or prevent WM. hi some 
embodiments, the compound administered is salinospora- 
mide A, described below. In some embodiments, a compound 
described herein is administered in combination with bort- 
ezomib to treat or prevent WM. 

[0058] While not being bound by any particular theory', if is 
believed that the compounds described herein and bort- 
ezomib act synergistically through: the differential activity on 
the Akt pathway; and the differential activity on chymot- 
rypsin-like, caspase-like and trypsin-like activities of the 20S 
proteasome. Certain compounds described herein induced 
cytotoxicity was completely abrogated in an Akt knockdown 
cell line, indicating that their major activity is mediated 
through the Akt pathway, while bortezomib modestly acti- 
vated Akt activity. While not being bound by any particular 
theory, a major activity of the compounds described herein is 
mediated through regulation of Akt and therefore, their com- 
bination with bortezomib may overcome resistance to bort- 
ezomib in vivo. 

[0059] Certain compounds described herein and bort- 
ezomib inhibit migration and adhesion of WM cells to 
fibronectin present in the BM microenvironment. Adhesion 
of WM cells to fibronectin led to NF-kB stimulation, which 
was abrogated by the compounds and bortezomib. In addi- 
tion, the combinationof these compounds and bortezomib led 
to inhibition of homing of WM cells in vivo in our homing 
model. Since IL-6 and NF-kB induction by adhesion are two 
major pathways regulated by the proteasome, it is believed 
that the compounds described herein and bortezomib over- 
come resistance induced by mesenchymal cells and the addi- 
tion of IL-6 in a co-culture in vitro system. Finally, the com- 
bination of bortezomib and certain compounds disclosed 
herein does not induce cytotoxicity on hematopoietic stem 
cells using colony-formation assays. 
[0060] The adhesion of WM cells to the bone marrow 
milieu induces NF-kB activation and IL-6 induces Akt acti- 
vation, which were both down-regulated in the presence of 
certain compotmds described herein either alone, and more 



significantly in combination with bortezomib. The combina- 
tion of the two agents overcomes the protective effect of the 
bone marrow niches, without affecting the growth and differ- 
entiation of normal hematopoietic components. In addition, 
homing is a complex process that is regulated by migration 
and adhesion of malignant cells to their specific bone marrow 
niches . It is believed that the compotmds described herein and 
bortezomib iiiliibit migration and adhesion of WM cells as 
well as their homing in vivo. 

Compotmds of Formula I 

[0061] In some embodiments, compotmds for use as 
described herein are represented by Formula I: 



Foimula I 




[0062] In certain embodiments the substituent(s) Rj, R3, 
and R4 separately may include a hydrogen, a halogen, a 
mono-substituted, a poly-substituted or an unsubstituted vari - 
ant of the following residues: saturated Ci-C,4 alkyl. unsat- 
urated C2-C24 alkenyl orC2-C24 alkynyl, acyl, acyloxy, alky- 
loxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, aryla- 
Ikoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, 
aminocarboyloxy, nitre, azido, phenyl, cycloalkylacyl, 
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, 
thio, sulfoxide, sulfone, sulfonate esters, thiocyano. boronic 
acids and esters, and halogenated alkyl including polyhalo- 
genated alkyl. Further, in certain embodiments, each of Ei, 
E2, E3 and E4 can be a substituted or unsubstituted heteroa- 
tom, for example, a heteroatom or substituted heteroatom 
selected from the group consisting of nitrogen, sulfur and 
oxygen. 

[0063] In some embodiments n can be equal to 1 , while in 
others it can be equal to 2. When n is equal to 2, the substitu- 
ents can be the same or can be different. Furthermore, in some 
embodiments R, is not a hydrogen, m can be equal to 1 or 2, 
and when m is equal to 2. R4 can be the same or different. 
[0064] E5 can be, for example, OH, O, OR^o, S, SR^, 
SO2RU, NH, NH2, NOH, NHOH, NRj^, and NHOR13, 
wherein Rio-13 may separately include, for example, hydro- 
gen, a substituted or tinsubstituted of any of the following: 
alkyl, an aryl, a heteroaryl, and the like. Also, R^ can be 
CH,CH,X. wherein X can be, for example, H, F, CI, Br, and 
I. R3 can be methyl. Fttrthermore, R4 may include a cyclo- 
liexyl. Also, each of , E3 and E4 can be O and Ej can be NH. 
Preferably, R^ can be CHjCHjX, wherein X is selected from 
the group consisting of H, F, CI Br, and I; wherein R4 may 
include a cyclohexyl; wherein R3 can be methyl; and wherein 
each of El, E3 and E4 separately can be 0 and E2 can be NH. 
[0065] In some embodiments, R2 is not cycIohex-2-enyI 
carbinol when one of the R^ substituents is ethyl or chloroet- 
hyl and R3 is methyl. 
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[0066] In some embodiments, preferably Rj is a substituted 
or unsubstituted to alkyl. For example, methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are 
preferred. In some embodiments, is not a substituted or 
unsubstituted, unbranched Cg alkyl. 

[0067] For example, an exemplary compound of Formula I 
has the following structure I-l: 



Formula I-l 




[0068] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0069] Exemplary stereochemistry can be as follows: 




[0070] In preferred embodiments, the compotmd of For- 
mula I has any of the following structures: 



-continued 

Formula 1-3 




Formula 1-4 



100711 Ihi-' following is exemplary stereochemistry for 
compounds having the structures 1-2, 1-3, and 1-4, respec- 




ci 
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[0072] In other embodiments wherein R4 may include a 
7-oxa-bicyclo[4.1.0]hept-2-yl). An exemplary compound of 
Formula I is the following structure 1-5: 



Fomula 1-5 




[0073] Rj, may include, for example, hydrogen, fluorine, 

cliloriiie, bromine and iodine. 

[0074] The following are examples of compounds having 
the structure of Formula 1-5: 

FORMULAE I-5A AKD I-5B 

n-5A 




II-5B 



[0075] In still further embodiments, at least one R4 may 
include a substituted or an unsubstituted branched alkyl. For 
example, a compound of Formula I can be the following 
structure 1-6: 




[0076] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0077] The following is exemplary stereochemistry for a 
compound having the structure of Formula 1-6: 




[0078] As another example, the compound of Formula I can 
be the following structure 1-7: 




[0079] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 
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[0080] The following is exemplary stereochemistry for 
compoimd having the structure of Formula 1-7: 




Rs 



[0081] In other embodiments, at least one R4 can be a 
cy cloalkyl and E5 can be an oxygen. An exemplary compound 
of Formula I can be the following structure 1-8: 



Formula 1-8 




[0082] Rg may include, for example, hydrogen (1-8 A), fluo- 
rine (I-8B), chlorine (I-8C), bromine (I-8D) and iodine 
(I-8E). 

[0083] The following is exemplary stereochemistry for a 
compound having the structure of Formula 1-8: 



Formula 1-9 




[0085] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine; R can be hydrogen, and a 
substituted or unsubstituted alkyl, aryl, or heteroaryl, and the 
like. 

[0086] The following is exemplary stereochemistry for a 
compound having the structure of Formula 1-9: 




[0087] A further exemplary compound of Formula I has the 
following structure I-IO: 




[0084] In some embodiments E5 can be an amine oxide, 

giving rise to an oxime. An exemplary compound of Formula [0088] Rg may include, for example, hydrogen, fluorine, 
I has the following structure 1-9: chlorine, bromine and iodine. 
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[0089] The following is exemplary stereochemistry for 
compoimd having the structure of Formula I-IO: 




[0090] In some embodiments, E5 can be NHj. An exem- 
plary compound of Formula I has the following structure 
I-ll: 



Fomiulal-ll 




[0091] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0092] The following is exemplary stereochemistry for a 
compound having the structure of Formula I-ll: 




Rs 



[0093] In some embodiments, at least one R4 may include a 
cycloalkyl and E5 can be NHj. An exemplary compound of 
Formula I has the following structure 1-12: 



FoimulaI-12 




[0094] may include, lor example, hydrogen, fluorine, 
chlorine, bromine anti iodine. 

[0095] The loUowing is exemplary stereochemistry for a 
compound having the structure of Formula 1-12: 




Rs 



[0096] A further exemplary compound of Formula I has the 
following structure 1-13: 




[0097] Rg may include, for example, hydrogen (I-13A), 
fluorine (I-13B), chlorine (I-13C), bromine (I-13D) and 
iodine (I-13E). 
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[0098] The following is exemplary stereochemistry for 
compoimd having the structure of Formula 1-13: 




[0099] A still further exemplary compound of Formula I 
has the following structure 1-14: 



FORMULA 1-14 




[0100] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0101] The following is exemplary stereochemistry for a 
compound having the structure of Formula 1-14: 




[0102] In some embodiments, the compounds of Formula I, 
may include as R4 at least one cycloalkene, for example. 
Furthermore, in some embodiments, the compounds may 
include a hydroxy at E5, for example. A further exemplary 
compound of Formula I has the following structure 1-15: 



FoimulaI-15 




[0103] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. 

[0104] Exemplary stereochemistry can be as follows: 




Rs 



[0105] The following is exemplary stereochemistry for 
compounds having the structures 1-16, 1-17, 1-18, and 1-19, 
respectively: 




ci 

1-17 
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[0106] The compound of Formula 1-16 is also known as 
salinosporamide A. The compounds of Formulae 1-16, 1-17, 
1-18 and 1-19 can be obtained by fermentation, synthesis, or 
semi-synthesis and isolated/purified as set forth below. Fur- 
thermore, Ihe compounds of Formulae 1-16, 1-17, 1-18 and 
I- 1 9 can be used, and are relerred to, as "starting materials" to 
make other compounds described herein. 
[0107] In some embodiments, theconipounds ori"ormulaI, 
may include a methyl group as R^, for example. A further 
exemplary compound, Formula 1-20, has the following struc- 
ture and stereochemistry: 



[0109] In some embodiments, the hydroxyl group of For- 
mula 1-21 can be esterified such that may include ethyl- 
propionate, for example. An exemplary compound, Formula 
1-22, has the following structure and stereochemistry: 




[0110] In some embodiments, the compounds of Formula I 
may include an ethyl group as R3, for example. A further 
exemplary compound of Formula I has the following struc- 
ture 1-23: 




[0108] In some embodiments, the compounds of Formula I, 
may include hydroxyethyl as Rj, for example. A further 
exemplary compound. Formula 1-21, has the following struc- 
ture and stereochemistry: 



r 



[0111] Rg may include, for example, hydrogen, fluorine, 
chlorine, bromine and iodine. Exemplary stereochemistry 
can be as follows: 
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[0112] In some embodiments, the compoimds of Fomiula 
1-23 may have the following structure and stereochemistry, 
exemplified by Formula I-24C, where Rg is chlorine: 




ci 

I-24C 




[0113] In some embodiments, the compounds of Formula 
1-15 may have the following stereochemistry, exemplified by 
the compound of Formula 1-25, where Rg is chlorine: 



1-25 




[0114] In some embodiments, the compound of Formula 
1-15 may have the following stereochemistry, exemplified by 
the compound of Formula 1-26, where Rg is chlorine: 



1-26 




CI 



[0115] In some embodiments, the compound of Formula I 
may have the following structure and stereochemistry, exem- 
plified by Formula 1-27, where Rj is ethyl: 




[0116] In some embodiments, the compound of Formula I 
may have the following structure and stereochemistry, exem- 
plified by Formula 1-28, where R^ is methyl: 




1-28 
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[0117] In some embodiments, the compounds of Fonnula I 
ma)' include azidoethyl as R^, for example. A further exem- 
plary compound, Fonnula 1-29, has the following structure 
and stereochemistry: 



1-29 




N3 



[01 18] In some embodiments, the conipoiiiuls oi l (iiniiiki I 
may include propyl as R^, for example. riinhei' exemplar) 
compound. Formula 1-30, has the following structure and 
stereochemistry: 



1-30 




H3C 



[0119] Still liirtlicr exemplary compounds, Formulae 1-31 
and 1-32, have the following structure and stereochemistry: 



[0120] Other exemplary compounds, Formulae 1-33, 1-34, 
1-35 and 1-36, have the following structure and stereochem- 



Formula 1-33 and 1-36 




CI 



[0121] In some embodiments, the compound of Fonnula I 
may include cyanoethyl as ; for example, the compound of 
Formula 1-37 has the following structure and stereochemis- 



1-37 




NC 



[0122] In another embodiment, the compound of Formula I 
may include ethylthiocyanate as R^; for example, the com- 
pound of Formula 1-38 has the following structure and stere- 
ochemistry: 



Fomula 1-3 lajid 1-32 
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[0123] In some embodiments, the compounds of Formula I 
ma)' include a thiol as R^, for example. A further exemplary 
compound, Formula 1-39, has the following structure and 
stereochemistry, where R=H, alkyl, aryl, or substituted alkyl 
oraryl: 




[0124] In a further exemplary compound, the sulfur of the 
compound of Formula 1-39 can be oxidized to a sulfoxide 
(n=l) or sulfone (n=2), for example, as in the compound of 
Formula 1-40: 

MO 




[0125] In some embodiments, the substituent of the 
compotmd of Formula I may include a leaving group, for 
example, a halogen, as in compounds I- 1 8 or I- 1 9, or another 
leaving group, such as a sulfonate ester. One example is the 
methane sulfonate (mesylate) of Formulae 1-41 A: 



MIA 




[0126] Another embodiment is the tosylate of Formula 
1-4 IB 

MIB 




[0127] In some embodiments, the substituent Rj of the 
compound of Formula 1 may include electron acceptors. The 
electron acceptor can be, for example, a Lewis acid, such as a 
boronic acid or ester. An exemplary compound. Formula 1-42, 
has the following structure and stereochemistry, where n=0, 
1, 2, 3, 4, 5, or 6, for example, and where R=H or alkyl, for 
example: 

1-42 




[0128] Further exemplary compounds of Formula 1-42 are 
the compounds of Fomiula 1-42 A, where n=2 and R=H, and 
the compound of Fomiula 1-42B, where n=l and R=H: 

M2A 
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-continued 

I-42B 




[0129] In some embodiments wliere tlie substituent Rj of 
tlie compound of Formula I includes an electron acceptor, the 
electron acceptor can be. for example, a Michael acceptor. An 
exemplary compound, Formula 1-43 has the following struc- 
ture, where n=0, 1, 2, 3, 4, 5, 6, and where Z is an electron 
withdrawing group, for example, CHO, COR, COOR, 
CONH2, CN, NO2, SOR, SO2R, etc: 

M3 




[0130] A further exemplary compound of Formula 1-43 is 
the compound of Formula 1-43 A, where n=l and Z=C02CH, : 



M3A 




CO2CH3 



[0131] In some embodiments, the compoimds can be pro- 
drug esters orthioesters of the compounds of Formula I. For 



example, the compound of Formula 1-44 (a prodrug thioester 
of the compound of Formula I- 1 6) has the following structure 
and stereochemistry: 

1-44 




CI 



[0132] In some embodiments, the compounds of Formula I 
may include an alkenyl group as Ri , for example, ethylenyl . A 
further exemplary compound. Formula 1-46, has the follow- 
ing structure and stereochemistry: 

1-46 




[0133] In some embodiments, the compounds can be pro- 
drug esters or thioesters of the compounds of Formula I. For 
example, the compound of Formula 1-47 (a prodrug thioester 
of the compound of Formula 1-17) has the following structure 
and stereochemistry: 

1-47 




[0134] In some embodiments, the compounds can be pro- 
drug esters or thioesters of the compoimds of Formula I. For 
example, the compoimd of Formula 1-48 has the following 
structure and stereochemistry: 
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M8 




^COOH 



[0135] Other exemplary compomid, Formula 1-49 has the 
following structure and stereochemistry: 




ci 



[()136| 111 sonic embodiments, the compound can be pro- 
drug ester or thioester of the compounds of Formula I. For 
example, the compound of Formula 1-50 (prodrug ester of the 
compound of Formula 1-16) has the following structure and 
stereochemistry: 



1-50 




CI 



[0137] Certain embodiments also provide pharmaceuti- 
cally acceptable salts and pro-drug esters or throesters of the 
compound of Formulae I, and provide methods of obtaining 
and purifying such compounds by the methods disclosed 

[0138] The term "pro-drug ester," especially when refer- 
ring to a pro-drug ester of the compomid of Formula I syn- 
thesized by the methods disclosed herein, refers to a chemical 
derivative of the compound that is rapidly transformed in vivo 
to yield the compound, for example, by hydrolysis in blood or 



inside tissues. The term "pro-drug ester" refers to derivatives 
of the compounds disclosed herein formed by the addition of 
any of several ester- or thioester-forming groups that are 
hydrolyzed under physiological conditions. Examples of pro- 
drug ester groups include pivoyloxymethyl, acetoxymethyl, 
phthalidyl, indanyl andmethoxymethyl, as well as other such 
groups known in the art, including a (5-R-2-oxo-l,3-diox- 
oleu-4-yl)methyl group. Other prodrugs can be prepared by 
preparing a corresponding thioester of the compound, for 
example, by reacting with an appropriate thiol, such as 
thiophenol. Cysteine or derivatives thereof, or propanethiol, 
for example. Other examples of pro-drug ester groups can be 
found in. for example, T. Higuchi and V. Stella, in "Pro-drugs 
as Novel Delivery Systems", Vol. 14, A.C.S. Symposium 
Series, American Chemical Society (1975); and "Biorevers- 
ible Carriers in Drug Design: Theory and Application", edited 
by E. B. Roche, Pergamon Press: New York, 14-21 (1987) 
(providing examples of esters useful as prodrugs for com- 
poimds containing carboxyl groups). Each of the above-men- 
tioned references is hereby incorporated by reference in its 
entirety. 

[0139] The term "pharmaceutically acceptable salt," ;is 
used herein, and particularly when referring to a pliarmaceii- 
tically acceptable sah of a compound, including I'orniulae I, 
and Formula I as produced and synthesized by the methods 
disclosed herein, refers to any pharmaceutically acceptable 
salts of a compound, and preferably refers to an acid addition 
salt of a compound. Preferred examples of pharmaceutically 
acceptable salt are the alkali metal salts (sodium or potas- 
sium), the alkaline earth metal salts (calcium or magnesium), 
or ammdiiiiini s;ills derix ed from ammonia or from pharma- 
ceuticalK' acceplable organic amines, for example Cj-C, 
alkylamine, cyclohexylamine, triethanolamine, ethylenedi- 
amine or tris-(hydroxymethyl)-aminomethane. With respect 
to compounds synthesized by the method of this embodiment 
that are basic amines, the preferred examples of pharmaceu- 
tically acceptable salts are acid addition salts of pharmaceu- 
tically acceptable inorganic or organic acids, for example, 
hydrohalic, sulfuric, phosphoric acid or aliphatic or aromatic 
carboxylic or sulfonic acid, for example acetic, succinic, lac- 
tic, malic, tartaric, citric, ascorbic, nicotinic, methane- 
sulfonic, p-toluensulfonic or naphthalenesulfonic acid. 
[0140] Preferred pharmaceutical compositions disclosed 
herein include pharmaceutically acceptable salts and pro- 
drug esters of the compound of Formulae I obtained and 
purified by the methods disclosed herein. Accordingly, if the 
manufacture of pharmaceutical formulations involves inti- 
mate mixing of the pharmaceutical excipients and the active 
ingredient in its sah form, then it is preferred to use pharma- 
ceutical excipients which are non-basic, that is, either acidic 
or neutral excipients. 

[0141] It will be also appreciated that the phrase "com- 
pounds and compositions comprising the compound," or any 
like phrase, is meant to encompass compounds in any suitable 
form for pharmaceutical delivery, as discussed in further 
detail herein. For example, in certain embodiments, the com- 
pounds or compositions comprising the same may include a 
pharmaceutically acceptable salt of the compound. 
[0142] The term "halogen atom," as used herein, means any 
one of the radio-stable atoms of column 7 of the Periodic 
Table of the Elements, i.e., fluorine, chlorine, bromine, or 
iodine, with bromine and chlorine being preferred. 
[0143] The term "alkyl," as used herein, means any 
unbranched or branched, substituted or unsubstituted, satu- 
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rated hydrocarbon, with C1-C24 preferred, and C^-Cg hydro- 
carbons being preferred, with methyl, ethyl, propyl, isopro- 
pyl, butyl, isobutyl, and tert-butyl, and pentyl being most 
preferred. Among the substituted, saturated hydrocarbons, 
C1-C24 are preferred, with Cj-Cg mono- and di- and per- 
halogen substituted saturated hydrocarbons and amino-sub- 
stituted hydrocarbons more preferred. 
[0144] The term "substituted" has its ordinary meaning, as 
found in numerous contemporary patents from the related art. 
See, for example, U.S. Pat. Nos. 6,509,33 1 ; 6,506,787; 6,500. 
825; 5,922,683; 5,886,210; 5,874,443; and 6,350,759; all of 
which are incorporated herein in their entireties by reference. 
Specifically, the definition of substituted is as broad as that 
provided in U.S. Pat. No. 6.509.331. which dclincs Ihc Icnn 
"substituted alkyl" such that it refers to an alkyl group, pref- 
erably of from 1 to 10 carbon atoms, having from 1 to 5 
substituents, and preferably 1 to 3 substituents, selected fiom 
the group consisting of alkoxy, substituted alkoxy, 
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted 
amino, aminoacyl, aminoacyloxy, oxyacylaniino, cyano, 
halogen, hydroxyl, carboxyl, carboxylalkyl, keto, thioketo, 
thiol, tliioalkoxy, substituted thioalkoxy, thiocyanate. aryl, 
aryloxy, lieteroaryl, heteroaryloxy, heterocyclic, heterocy- 
clooxy, hydroxyamino, alkoxyamino, nitro, azido, boronic 
acid, boronic ester — SO-alkyl, — SO-substituted alkyl, 
— SO-aryl, — SO-heteroaryl, — SOs-alkyl, — SOj-substi- 
tuted alkyl, — S02-aryl, — SOj-heteroaryl, — OSO-alkyl, 
— OSO-substituted alkyl, — OSO-arj'l, — OSO-heteroaryl, 
— 0S02-alkyl, — OSO^-substituted alkyl, — OSOj-aryl, and 
— OSOj-heteroaryl. The other above-listed patents also pro- 
vide standard definitions for the term "substituted" that are 
well-tmderstood by those of skill in the art. 
[0145] The term "cycloalkyl" refers to any non-aromatic 
hydrocarbon ring, preferably having five to twelve atoms 
comprising the ring. The term "acyl" refers to alkyl or aryl 
groups derived from an oxoacid, with an acetyl group being 
preferred. 

[0146] I'hc term "alkenyl," as used herein, means any 
unbranched or branched, substituted or unsubstituted, unsat- 
urated hydrocarbon including polyunsaturatedhydrocarbons, 
with Cj-Cg unbranched, mono-unsatuiated and di-tmsatur- 
ated, unsubstituted hydrocarbons being preferred, and mono- 
unsaturated, di -halogen substituted hydrocarbons being most 
preferred. The term "cycloalkenyl" refers to any non-aro- 
matic hydrocarbon ring, preferably having five to twelve 
atoms comprising the ring. 

[0147] The terms "aryl," "substituted aryl," "heteroaryl," 
and "substituted heteroaryl," as used herein, refer to aromatic 
hydrocarbon rings, preferably having five, six, or seven 
atoms, and most preferably having six atoms comprising the 
ring. "Heteroaryl" and "substituted heteroaryl," refer to aro- 
matic hydrocarbon rings in which at least one heteroatom, 
e.g. oxygen, sulfijr, or nitrogen atom, is in the ring along with 
at least one carbon atom. The term "heterocycle" or "hetero- 
cyclic" refer to any cyclic compound containing one or more 
heteroatoms. The substituted aryls, heterocycles and het- 
eroaryls can be substituted with any substituent, including 
those described above and those known in the art. 
[0148] The term "alkoxy" refers to any unbranched, or 
branched, substituted or unsubstituted, saturated or imsatur- 
ated ether, with Cj-Cg unbranched, saturated, unsubstituted 
ethers being preferred, with methoxy being preferred, and 
also with dimethyl, diethyl, methyl-isobutyl, and methyl-tert- 



butyl ethers also being preferred. The term "cycloalkoxy" 
refers to any non-aromatic hydrocarbon ring, preferably hav- 
ing five to twelve atoms comprising the ring. The term 
"alkoxy carbonyl" refers to any linear, branched, cyclic, satu- 
rated, unsaturated, aliphatic or aromatic alkoxy attached to a 
carbonyl group. The examples include methoxy carbonyl 
group, ethoxycarbonyl group, propyloxycarbonyl group, iso- 
propyloxycarbonyl group, butoxycarbonyl group, sec-bu- 
toxycarbonyl group, tert-butoxycarbonyl group, cyclopenty- 
loxycarbonyl group, cyclohexyloxycarbonyl group, 
benzyloxycarbonyl group, allyloxycarbonyl group, pheny- 
loxycarbonyl group, pyridyloxycarbonyl group, and the like. 
[0149] The terms "pure," "purified," "substantially puri- 
fied," and "isolated" as used herein refer to the compound of 
the embodiment being free of other, dissimilar compounds 
with which the compound, if found in its natural state, would 
be associated in its natural state. In certain embodiments 
described as "pure," "purified," "substantially purified," or 
"isolated" herein, the compound may comprise al least 0.5%, 
1%, 5%, 10%, or 20%, and most preferably al least 50% or 
75% of the mass, by weight, of a given sample. 
[0150] The terms "derivative," "variant," or other similar 
term refers to a compoimd that is an analog of the other 
compound. 

[0151] Certain of the compotmds of Formula I can be 
obtained and purified or can be obtained via semi-synthesis 
from purified compounds as set forth herein. Generally, with- 
out being limited thereto, the compotmds of Formula 1-15, 
preferably, Formulae 1-16, 1-17, 1-18 and 1-19. can be 
obtained synthetically or by fermentation. Exemplary fer- 
mentation procedures are provided below. Further, Ihe com- 
pounds of Formula 1-15, preferably. Formulae I- 1 6, 1- 1 7, 1-18 
and I-l 9 can be used as starting compounds in order lo obtain/ 
synthesize various of the other compounds described herein. 
Exemplary non-limiting syntheses are provided herein. 

Formula 1-16 




CI 

FomiulaI-17 




CH3 
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-continued 




FonnulaI-19 



[0152] Fonnula 1-16 may be produced through a high-yield 
saline fermentation (-350-400 mg/L) and modifications of 
tlie conditions liave yielded new analogs in the fermentation 
extracts. Additional analogs can be generated through 
directed biosynthesis. Directed biosynthesis is the modifica- 
tion of a natural product by adding biosynthetic precursor 
analogs to the fermentation of producing microorganisms 
(Lam, et al., JAntibiot gokyo) 44:934 (1991), Lam, et al., J 
Antibiot (Tokyo) 54:1 (2001); which is hereby incorporated 
by reference in its entirety). 

[0153] Exposing the producing culture to analogs of acetic 
acid, phenylalanine, valine, butyric acid, shikimic acid, and 
halogens, preferably, other than chlorine, can lead to the 
formation of new analogs. The new analogs produced can be 
easily detected in crude extracts by HPLC and LC-MS. For 
example, after manipulating the medium with different con- 
centrations of sodium bromide, a bromo-analog, Fonnula 
1-18, was successfully produced in shake-flask culture at a 
titer of 14 mg/L. 

[0154] A second approach to generate analogs is through 
biotransformation. Biotransformation reactions are chemical 
reactions catalyzed by enzymes or whole cells containing 
these enzymes. Zaks, A., Curr Opin Chem Biol 5:130 (2001). 
Microbial natural products are ideal substrates for biotrans- 
formation reactions as they are synthesized by a series of 
enzymatic reactions inside microbial cells. Riva, S., Curr 
Opin Chem Biol 5:106 (2001). 

[0155] Given the structure of the described compounds, 
including those of Formula 1-15, for example, the possible 
biosynthetic origins are acetyl -Co A. cthylmalonyl-CoA, phe- 
nylalanine and chlorine. Ethylmalonyl-CoA is derived from 
butyryl-CoA, which can be derived either from valine or 
ciotonyl-CoA. Liu, et al., Metab Eng 3:40 (2001). Phenyla- 
lanine is derived from shikimic acid. 



[0156] Alternatively, compositions such as Formula 1-16 
and its analogs may be produced synthetically, e.g., such as 
described in U.S. application Ser. No. 11/697,689, which is 
incorporated by reference in its entirety. 

Production of Compotmds of Formulae 1-16, 1-17, 1-18, 1-20, 
I-24C, 1-26, 1-27 and 1-28 

[0157] The production of compounds of Formulae 1-16, 
1-17, 1-18, 1-20, 1-24C, 1-26, 1-27 and 1-28 can be carried out 
by cultivating strain CNB476 and strain NPS2 1 1 84, a natural 
variant of strain CNB476, in a suitable nutrient medium under 
conditions described herein, preferably under submerged 
aerobic conditions, until a substantial amount of compounds 
are detected in the fermentation; harvesting by extracting the 
active components from the fermentation broth with a suit- 
able solvent; concentrating the solvent containing the desired 
components; then subjecting the concentrated material to 
chromatographic separation to isolate the compotmds from 
other metabolites also present in the cultivation medium. 
[0158] The culture (CNB476) was deposited on Jun. 20, 
2003 with the American Type Culture Collection (ATCC) in 
RockvUle, Md. and assigned the ATCC patent deposition 
number PTA-5275. Strain NPS21184, a natural variant of 
strain CNB476, was derived from strain CNB476 as a single 
colony isolate. Strain NPS21 1 84 has bcc-n deposited to.MCC 
on Apr. 27, 2005. The ATCC deposit meets all ol the require- 
ments of the Budapest treaty. The culture is also maintained at 
and available from Nereus Pharmaceutical Culture Collec- 
tion at 10480 Wateridge Circle, San Diego, Calif 92121. In 
addition to the specific microorganism described herein, it 
should be understood that mutants, such as those produced by 
the use of chemical or physical mutagens including X-rays, 
etc. and organisms whose genetic makeup has been modified 
by molecular biology techniques, may also be cultivated to 
produce the starting compounds of Formulae 1-16, 1-17, and 
1-18. 

Fermentation of Strain CNB476 and Strain NPS21 184 

[0159] Production of compounds can be achieved at tem- 
perature conducive to satisfactory growth of the producing 
organism, e.g. from 16 degree C. to 40 degree C, but it is 
preferable to conduct the fermentation at 22 degree C. to 32 
degree C. The aqueous medium can be incubated for a period 
of time necessary to complete the production of compounds 
as monitored by high pressure liquid chromatography 
(HPLC), preferably for a period of about 2 to 10 days, on a 
rotary shaker operating at about 50 rpm to 400 rpm, prefer- 
ably at 150 rpm to 250 rpm, for example. The production of 
the compounds can also be achieved by cultivating the pro- 
duction strain in a bioreactor, such as a fermentor system that 
is suitable for the growth of the production strain. 
[0160] Growth of the microorganisms can be achieved by 
one of ordinary skill of the art by the use of appropriate 
medimn. Broadly, the sources of carbon include glucose, 
fructose, maimose, maltose, galactose, mannitol and glyc- 
erol, other sugars and sugar alcohols, starches and other car- 
bohydrates, or carbohydrate derivatives such as dextran, cer- 
elose, as well as complex nutrients such as oat flour, com 
meal, millet, com, and the like. The exact quantity of the 
carbon source that is utilized in the medium will depend in 
part, upon the other ingredients in the medium, but an amoimt 
of carbohydrate between 0.5 to 25 percent by weight of the 
medium can be satisfactorily used, for example. These carbon 
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sources can be used individually or several such carbon 
sources can be combined in the same medium, for example. 
Certain carbon sources are preferred as hereinafter set forth. 
[0161] The sources of nitrogen include amino acids such as 
glycine, arginine, threonine, methionine and the like, ammo- 
nium salt, as well as complex sources such as yeast extracts, 
com steep liquors, distiller solubles, soybean meal, cotton- 
seed meal, fish meal, peptone, and the like. The various 
sources of nitrogen can be used alone or in combination in 
amounts ranging from 0.5 to 25 percent by weight of the 
medium, for example. 

[0162] Among the nutrient inorganic salts, which can be 
incorporated in the culture media, are the customary salts 
capable of yielding sodium, potassium, magnesium, calcium, 
phosphate, sulfate, chloride, carbonate, and like ions. Also 
included are trace metals such as cobalt, manganese, iron, 
molybdenum, zinc, cadmium, and the like. Pharmaceutical 
Compositions 

[0163] In one embodiment, the compounds disclosed 
herein are used in pharmaceutical compositions. Tlie com- 
pounds preferably can be produced by the methods disclosed 
herein. The compounds can be used, for example, in pharma- 
ceutical compositions comprising a pharmaceutically accept- 
able carrier prepared for storage and subsequent administra- 
tion. Also, embodiments relate to a pharmaceutically 
effective amount of the products and compounds disclosed 
above in a pharmaceutically acceptable carrier or diluent. 
Acceptable carriers or diluents I'or therapeutic use arc well 
known in the pharmaceutical art, and are described, for 
example, in Remington's Phannaceutical Sciences, Mack 
Publishing Co. (A. R. Gennaro edit. 1985), which is incorpo- 
rated herein by reference in its entirety. Preservatives, stabi- 
lizers, dyes and even flavoring agents can be provided in the 
pharmaceutical composition. For example, sodium benzoate, 
ascorbic acid and esters of p-hydroxybenzoic acid can be 
added as preservatives. In addition, antioxidants and suspend- 
ing agents can be used. 

[0I64| The compcKilions can be formulated and used as 
tablets, capsules, or elixirs for oral administration; supposi- 
tories for rectal administration; sterile solutions, suspensions 
for injectable administration; patches for transdermal admin- 
istration, and sub-dermal deposits and the like. Injectables 
can be prepared in conventional forms, either as Uquid solu- 
tions or suspensions, solid forms suitable for solution or 
suspension in liquid prior to injection, or as emulsions. Suit- 
able excipients are, for example, water, saline, dextrose, man- 
nitol, lactose, lecithin, albumin, sodium glutamate, cysteine 
hydrochloride, and the like. In addition, if desired, the inject- 
able pharmaceutical compositions may contain minor 
amounts of nontoxic auxiliary substances, such as wetting 
agents, pH buffering agents, and the like. If desired, absorp- 
tion enhancing preparations (for example, liposomes), can be 
utilized. 

[0165] Pharmaceutical formulations for parenteral admin- 
istration include aqueous solutions of the active compounds 
in water-soluble form. Additionally, suspensions of the active 
compounds can be prepared as appropriate oily injection 
suspensions. Suitable lipophilic solvents or vehicles include 
fatty oils such as sesame oil, or other organic oils such as 
soybean, grapefruit or almond oils, or synthetic fatty acid 
esters, such as ethyl oleate or triglycerides, or liposomes. 
Aqueous injection suspensions may contain substances that 
increase the viscosit>' of the suspension, such as sodium car- 
boxymethyl cellulose, sorbitol, or dextran. Optionally, the 



suspension may also contain suitable stabilizers or agents that 
increase the solubility of the compounds to allow for the 
preparation of highly concentrated solutions. 
[0166] Pharmaceutical preparations for oral use can be 
obtained by combining the active compounds with solid 
excipient, optionally grinding a resulting mixture, and pro- 
cessing the mixture of granules, after adding suitable auxil- 
iaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations 
such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel- 
lulose, and/or polyvinylpyrrolidone (PVP). If desired, disin- 
tegrating agents can be added, such as the cross-linked poly- 
vinyl pyrrolidone, agar, or alginic acid or a salt thereof such as 
sodium alginate. Dragee cores are provided with suitable 
coatings. For this purpose, concentrated sugar solutions can 
be used, which may optionally contain gum arable, talc, poly- 
vinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or 
titaiuum dioxide, lacquer solutions, and suitable organic sol- 
vents or solvent mixtures. Dyestuffs or pigments can be added 
to the tablets or dragee coatings for identification or to char- 
acterize different combinations of active compound doses. 
For this purpose, concentrated sugar solutions can be used, 
which may optionally contain gum arabic, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or tita- 
nium dioxide, lacquer solutions, and suitable organic solvents 
or solvent mixtures. Dyestuffs or pigments can be added to 
the tablets or dragee coatings for identification or to charac- 
terize different combinations of active compound doses. Such 
formulations can be made using methods known in the art 
(see, for example, U.S. Pat. No. 5,733,888 (injectable com- 
positions); U.S. Pat. No. 5,726,181 (pooriy water soluble 
compounds); U.S. Pat. No. 5,707,641 (therapeutically active 
proteins or peptides); U.S. Pat. No. 5,667,809 (lipophilic 
agents); U.S. Pat. No. 5,576,012 (solubilizing polymeric 
agents); U.S. Pat. No.5,707,615 (anti-viral formulations); 
U.S. Pat. No. 5,683,676 (particulate medicaments); U.S. Pat. 
No. 5,654,286 (topical formulations); U.S. Pat. No.5,688,529 
(oral suspensions); U.S. Pat. No. 5,445,829 (extended release 
formulations); U.S. Pat. No. 5,653,987 (liquid formulations); 
U.S. Pat. No. 5,641,515 (controlled release formulations) and 
U.S. Pat. No. 5,601 ,845 (spheroid formulations); all of which 
are incorporated herein by reference in their entireties. 
[0167] Further disclosed herein are various pharmaceutical 
compositions well known in the pharmaceutical art for uses 
that include topical, intraocular, intranasal, and intraauricular 
delivery. Pharmaceutical formulations include aqueous oph- 
thalmic solutions of the active compounds in water-soluble 
form, such as eyedrops, or in gellan gum (Shedden et al., Clin. 
Ther., 23(3):440-50 (2001)) or hydrogels (Mayer et al., 
Opthalmologica, 210(2): 101-3 (1996)); ophthahnic oint- 
ments; ophthalmic suspensions, such as microparticulates, 
drug-containing small polymeric particles that are suspended 
in a liquid carrier medium (Joshi, A. 1 994 J Ocul Pharmacol 
10:29-45), lipid-soluble formulations (Aim et al.. Prog. Clin. 
Biol Res., 312:447-58 (1989)), and microspheres (Mordenti, 
Toxicol. Sci., 52(1): 101-6 (1999)); and ocular inserts. All of 
the above-mentioned references, are incorporated herein by 
reference in their entireties. Such suitable pharmaceutical 
formulations are most often and preferably formulated to be 
sterile, isotonic and buffered for stability and comfort. Phar- 
maceutical compositions may also include drops and sprays 



us 2009/0156469 Al 



20 



Jun. 18, 2009 



often prepared to simulate in many respects nasal secretions 
to ensure maintenance of normal ciliary action. As disclosed 
in Remington's Pharmaceutical Sciences (Mack Publishing, 
1 8* Edition), which is incorporated herein by reference in its 
entirety, and well-known to those skilled in the art, suitable 
formulations are most often and preferably isotonic, slightly 
buffered to maintain a pH of 5.5 to 6.5, and most often and 
preferably include anti -microbial preservatives and appropri- 
ate drug stabilizers. Pharmaceutical formulations for intraau- 
ricular delivery include suspensions and ointments for topical 
application in the ear. Common solvents for such aural for- 
mulations include glycerin and water 
[0168] When used as an anti-cancer compound, for 
example, the compomids of Fomiulae 1 or compositions 
including Formulae I can be administered by either oral or 
non-oral pathways. When administered orally, it can be 
administered in capsule, tablet, granule, spray, syrup, or other 
such form. When administered non-orally, it can be adminis- 
tered as an aqueous suspension, an oily preparation or the like 
or as a drip, suppository, salve, ointment or the like, when 
administered via injection, subcutaneously, intraperitoneally, 
intravenously, intramuscularly, or the like. 
[0169] In one embodiment, the anti-cancer agent can be 
mixed with additional substances to enhance their effective- 
ness. 

Methods of Administration 

[0170] In an alternative embodiment, the disclosed chemi- 
cal compounds and the disclosed pharmaceutical composi- 
tions are administered by a particular method as an anti- 
microbial. Such methods include, among others, (a) 
administration though oral pathways, which administration 
includes administration in capsule, tablet, granule, spray, 
syrup, or other such forms; (b) administration through non- 
oral pathways, which administration includes administration 
as an aqueous suspension, an oily preparation or the like or as 
a drip, suppository, salve, ointment or the like; administration 
via injection, subcutaneously, intraperitoneally, intrave- 
nously, intramuscularly, intradermally, or the like; as well as 
(c) administration topically, (d) administration rectally, or (e) 
administration vaginally, as deemed appropriate by those of 
skill in the art for bringing the compound of the present 
embodiment into contact with living tissue; and (f) adminis- 
tration via controlled released formulations, depot fomiula- 
tions, and infijsion pump delivery. As further examples of 
such modes of administration and as ftirther disclosure of 
modes of administration, disclosed herein are various meth- 
ods for administration of the disclosed chemical compounds 
and pharmaceutical compositions including modes of admin- 
istration through intraocular, intranasal, and intraauricular 
pathways. 

[0171] The pharmaceutically effective amount of the com- 
positions that include the described compounds required as a 
dose will depend on the route of administration, the type of 
animal, including human, being treated, and the physical 
characteristics of the specific animal under consideration. 
The dose can be tailored to achieve a desired effect, but will 
depend on such factors as weight, diet, concurrent medication 
and other factors which those skilled in the medical arts will 
recognize. 

[0172] In practicing the methods of the embodiment, the 
products or compositions can be used alone or in combination 
with one another, or in combination with other therapeutic or 
diagnostic agents. These products can be utilized in vivo. 



ordinarily in a mammal, preferably in a human, or in vitro. In 
employing them in vivo, the products or compositions can be 
administered to the mammal in a variety of ways, including 
parenterally, intravenously, subcutaneously, intramuscularly, 
colonically, rectally, vaginally, nasally or intraperitoneally, 
employing a variety of dosage forms. Such methods may also 
be applied to testing chemical activity in vivo. 
[0173] As will be readily apparent to one skilled in the art, 
the usefiil in vivo dosage to be administered and the particular 
mode of administration will vary depending upon the age, 
weight and mammalian species treated, the particular com- 
pounds employed, and the specific use for which these com- 
pounds are employed. The determination of effective dosage 
levels, that is the dosage levels necessary to achieve the 
desired result, can be accomplished by one skilled in the art 
using routine pharmacological methods. Typically, human 
clinical applications of products are commenced at lower 
dosage levels, with dosage level being increased until the 
desired effect is achieved. Alternatively, acceptable in vitro 
studies can be used to establish useful doses and routes of 
administration of the compositions identified by the present 
methods using established pharmacological methods. 
[0174] Innon-humananimal studies, applications of poten- 
tial products are commenced at higher dosage levels, with 
dosage being decreased until the desired effect is no longer 
achieved or adverse side effects disappear 1 he dosage may 
range broadly, depending upon Ihc desired allecls and the 
therapeutic indication. Typicall}-. dosages can be belween 
about 10 microgram/kg and 100 nig kg \hk\\ weight, preler- 
ably between about 100 mierogram kg and 10 nig/kg body 
weight. Alternatively dosages can be based and calculated 
upon the surface area of the patient, as understood by those of 
skill in the art. Adnumstration is preferably oral on a daily or 
twice daily basis. 

[0175] The exact lormulalion. route of administration and 
dosage ean he ehcisen hy the indiv idual physician in view of 
the patient's condition. See lor example, Fingl et al., in The 
Pharmacological Basis ofTlierapeutics, 1975, which is incor- 
porated herein by reference in its entirety. It should be noted 
that the attending physician would know how to and when to 
terminate, interrupt, or adjust administration due to toxicity, 
or to organ dysfiinctions. Conversely, the attending physician 
would also know to adjust treatment to higher levels if the 
clinical response were not adequate (precluding toxicity). 
The magnitude of an administrated dose in the management 
of the disorder of interest will vary with the severity of the 
condition to be treated and to the route of administration. The 
severity of the condition may, for example, be evaluated, in 
part, by standard prognostic evaluation methods. Further, the 
dose and perhaps dose frequency, will also vary according to 
the age, body weight, and response of the individual patient. 
A program comparable to that discussed above can be used in 
veterinary medicine. 

[0176] Depending on the specific conditions being treated, 
such agents can be formulated and administered systemically 
or locally. A variety of techniques for formulation and admin- 
istration can be found in Remington's Pharmaceutical Sci- 
ences, 18th Ed., Mack PubUshing Co., Easton, Pa. (1990), 
which is incorporated herein by reference in its entirety. Suit- 
able administration routes may include oral, rectal, transder- 
mal, vaginal, transmucosal, or intestinal administration; 
parenteral delivery, including intramuscular, subcutaneous. 
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intramedullary injections, as well as intrathecal, direct intra- 
ventricular, intravenous, intraperitoneal, intranasal, or 
intraocular injections. 

[0177] For injection, the agents of the embodiment can be 
formulated in aqueous solutions, preferably in physiologi- 
cally compatible buffers such as Hanks' solution, Ringer's 
solution, or physiological saline buffer. For such transmu- 
cosal administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such penetrants are 
generally known in the art. Use of pharmaceutically accept- 
able carriers to formulate the compounds herein disclosed for 
the practice of the embodiment into dosages suitable for 
systemic administration is within the scope of the embodi- 
ment. Witli proper choice of carrier and suitable manufactur- 
ing practice, the compositions disclosed lierein, in particular, 
those formulated as solutions, can be administered parenter- 
ally, such as by intravenous injection. The compoimds can be 
formulated readily using pliamiaceutically acceptable carri- 
ers well known in the art into dosages suitable for oral admin- 
istration. Such carriers enable tlie compounds of tlie embodi- 
ment to be formulated as tablets, pills, capsules, liquids, gels, 
syrups, slurries, suspensions and the like, fororal ingestion by 
a patient to be treated. 

[0178] Agents intended to be administered intracellularly 
can be administered using techniques well known to those of 
ordinary skill in the art. For example, such agents can be 
encapsulated into liposomes, then administered as described 
above. .Ml molecules present in an aqueous solution at the 
time of liposome formation are incorporated into the aqueous 
interior I he liposomal contents are both protected from the 
external micro-environment and, because liposomes fiise 
with cell membranes, are efficiently delivered into the cell 
cytoplasm, .^dditionally, due to their hydrophobicity, small 
organic molecules can be directly administered intracellu- 

[0179] Determination of the effective amounts is well 
within the capability of those skilled in the art, especially in 
light of the detailed disclosure provided herein. In addition to 
the active ingredients, these pharmaceutical compositions 
may contain suitable pharmaceutically acceptable carriers 
comprising excipients and auxiliaries which facilitate pro- 
cessing of the active compounds into preparations which can 
be used pharmaceutically. The preparations formulated for 
oral administration can be in the form of tablets, dragees, 
capsules, or solutions. The pharmaceutical compositions can 
be manufactured in a manner that is itself known, for 
example, by means of conventional mixing, dissolving, 
granulating, dragee-making, levitating, emulsifying, encap- 
sulating, entrapping, or lyophilizing processes. 
[0180] Compounds disclosed herein can be evaluated for 
efficacy and toxicity using known methods. For example, the 
toxicology of a particular compound, or of a subset of the 
compounds, sharing certain chemical moieties, can be estab- 
lished by determining in vitro toxicity towards a cell line, 
such as a mammalian, and preferably human, cell line. Tlie 
results of such studies are often predictive of toxicity in ani- 
mals, such as mammals, or more specifically, humans. Alter- 
natively, the toxicity of particular compounds in an animal 
model, such as mice, rats, rabbits, dogs or monkeys, can be 
determined using known methods . The eflScacy of a particular 
compound can be estabUshed using several art recognized 
methods, such as in vitro methods, animal models, or human 
clinical trials. Art-recogruzed in vitro models exist for nearly 
every class of condition, including the conditions abated by 



the compounds disclosed herein, including cancer, cardiovas- 
cular disease, and various immune dysftmction, and infec- 
tious diseases. Similarly, acceptable animal models can be 
used to establish efficacy of chemicals to treat such condi- 
tions. When selecting a model to determine efficacy, the 
skilled artisan can be guided by the state of the art to choose 
an appropriate model, dose, and route of administration, and 
regime. Of course, human clinical trials can also be used to 
determine the efficacy of a compound in humans. 
[0181] When used as an anti-cancer agent, the compounds 
disclosed herein can be administered by either oral or a non- 
oral pathways. When administered orally, it can be adminis- 
tered in capsule, tablet, granule, spray, syrup, or other such 
form. When administered non-orally, it can be administered 
as an aqueous suspension, an oily preparation or the like or as 
a drip, suppository, salve, ointment or the like, when admin- 
istered via injection, subcutaneously, intraperitoneally, intra- 
venously, intramuscularly, intradermally, or the like. Con- 
trolled release formulations, depot formulations, and inftision 
pump delivery are similarly contemplated. 
[0182] The compositions disclosed herein in pharmaceuti- 
cal compositions may also comprise a phannaceutically 
acceptable carrier. Such compositions can be prepared for 
storage and for subsequent administration. Acceptable carri- 
ers or diluents for therapeutic use are well known in the 
pharmaceutical art, and are described, for example, in Rem- 
ington's Pharmaceutical Sciences, Mack Publishing Co. (A. 
R. (iennaro edit. 1985). For example, such compositions can 
be lorraulalcd and used as tablets, capsules or solutions for 
oral administration; suppositories forrectal or vaginal admin- 
istration; sterile solutions or suspensions for injectable 
administration. Injectables can be prepared in conventional 
forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injection, 
or as emulsions. Suitable excipients include, but are not lim- 
ited to, saline, dextrose, maimitol, lactose, lecithin, albumin, 
sodium glutamate, cysteine hydrochloride, and the like. In 
addition, if desired, the injectable pharmaceutical composi- 
tions may contain minor amomits of nontoxic auxiliiiry sub- 
stances, such as wetting agents, pH buffering agents, and the 
like. If desired, absorption enhancing preparations (for 
example, liposomes), can be utilized. 
[0183] The phannaceutically effective amount of the com- 
position required as a dose will depend on the route of admin- 
istration, the type of animal being treated, and the physical 
characteristics of the specific animal under consideration. 
The dose can be tailored to achieve a desired effect, but will 
depend on such factors as weight, diet, concurrent medication 
and other factors which those skilled in the medical arts will 
recognize. 

[0184] The products or compositions of the embodiment, 
as described above, can be used alone or in combination with 
one another, or in combination with other therapeutic or diag- 
nostic agents. These products can be utilized in vivo or in 
vitro. The useful dosages and the most usefitl modes of 
administration will vary depending upon the age, weight and 
animal treated, the particular compounds employed, and the 
specific use for which these composition or compositions are 
employed. The magnitude of a dose in the management or 
treatment for a particular disorder will vaiy with the severity 
of the condition to be treated and to the route of administra- 
tion, and depending on the disease conditions and their sever- 
ity, the compositions can be formulated and administered 
either systemically or locally. A variety of techniques for 
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formulation and administration can be found in Remington's 
Ptiarmaceutical Sciences, 18tli ed., Maclt Publisliing Co., 
Easton, Pa. (1990). 

[0185] To formulate the compounds of Formulae I as an 
anti-cancer agent, known surface active agents, excipients, 
smoothing agents, suspension agents and phannaceutically 
acceptable film-forming substances and coating assistants, 
and the like can be used. Preferably alcohols, esters, sulfated 
aliphatic alcohols, and the like can be used as surface active 
agents; sucrose, glucose, lactose, starch, crystallized cellu- 
lose, mannitol, light anhydrous silicate, magnesium alumi- 
nate, magnesium methasilicate aluniinate. synthetic alumi- 

calcium hydrogen phosphate, calcium carboxymethyl cellu- 
lose, and the like can be used as excipients; magnesium stear- 
ate, talc, hardened oil and the like can be used as smoothing 
agents; coconut oil, olive oil, sesame oil, peanut oil, soya can 
be used as suspension agents or lubricants; cellulose acetate 
phthalate as a derivative of a carbohydrate such as cellulose or 
sugar, or methylacetate-metliacrylate copolymer as a deriva- 
tive of polyvinyl can be used as suspension agents; and plas- 
ticizers such as ester phthalates and the like can be used as 
suspension agents. In addition to the foregoing preferred 
ingredients, sweeteners, fragrances, colorants, preservatives 
and the like can be added to the administered formulation of 
the compound produced by the method of the embodiment, 
parlicularly when the compound is to be administered orally. 
|()186| i hc compounds and compositions can be orally or 
non-orally administered to a human patient in the amount of 
about 0.001 mg/kg/day io about 10,000 mg/kg/day of the 
active ingredient, andmore preferably about 0.1 mg/kg/day to 
about 100 mg/kg/day of the active ingredient at, preferably, 
one time per day or, less preferably, over two to about ten 
times per day. Alternatively and also preferably, the com- 
pound produced by the method of the embodiment may pref- 
erably be administered in the stated amounts continuously by, 
for example, an intravenous drip. Thus, for the example of a 
patient weighing 70 kilograms, the preferred daily dose of the 
active ingredient would be about 0.07 mg/day to about 700 
gm/day, andmore preferable, 7 mg/day to about 7 grams/day. 
Nonetheless, as will be understood by those of skill in the art, 
in certain situations it can be necessary to administer the 
anti-cancer cotnpouod of the embodiment in amounts that 
excess, or even far exceed, the above-stated, preferred dosage 
range to effectively and aggressively treat particularly 
advanced cancers or infections. 

[0187] In the case of using the cancer produced by methods 
of the embodiment as a biochemical test reagent, the com- 
potind produced by methods of the embodiment inhibits the 
progression of the disease when it is dissolved in an organic 
solvent or hydrous organic solvent and it is directly applied to 
any of various cultured cell systems. Usable organic solvents 
include, for example, methanol, methylsulfoxide, and the 
like. The formulation can, for example, be a powder, granular 
or other solid inhibitor, or a liquid inhibitor prepared using an 
organic solvent or a hydrous organic solvent. While a pre- 
ferred concentration of the compound produced by the 
method of the embodiment for use as an anticancer com- 
pound is generally in the range of about 1 to about 1 00 |ig/ml, 
the most appropriate use amount varies depending on the type 
of cultured cell system and the purpose of use, as will be 
appreciated by persons of ordinary skill in the art. Also, in 



certain applications it can be necessary or preferred to per- 
sons of ordinary skill in the art to use an amount outside the 
foregoing range. 

[0188] In one embodiment, the method of using a com- 
pound as an anti-cancer involves administering an effective 
amount of any of the compounds of Formulae I or composi- 
tions of those compounds. In a preferred embodiment, the 
method involves administering the compound represented by 
Formula 1, to a patient in need of an anti -cancer agent, until 
the need is effectively reduced or more preferably removed. 
[0189] As will be understood by one of skill in the art, 
"need" is not an absolute term and merely implies that the 
patient can benefit from the treatment of the anti -cancer agent 
in use. By "patient" what is meant is an organism that can 
benefit by the use of an anti-cancer agent. For example, any 
organism with cancer, such as, WM. In one embodiment, the 
patient's health may not require that an anti-cancer agent be 
administered, however, the patient may still obtain some ben- 
efit by the reduction of the level of cancer cells present in the 
patient, and thus be in need. In one embodiment, the anti-anti- 
cancer agent is effective against one type of cancer, but not 
against other types; thus, allowing a high degree of selectivity 
in the treatment of the patient. In choosing such an anti-cancer 
agent, the methods and results disclosed in the Examples can 
be usefiil. In still further embodiments, the anti-cancer agent 
is effective against a broad spectrum of cancers or all cancers . 
Examples of cancers, against which the compounds can be 
effective include WM, a colorectal carcinoma, a prostate car- 
cinoma, a breast adenocarcinoma, a non-small cell lung car- 
cinoma, an ovarian carcinoma, multiple myelomas, a mela- 
noma, and the like. 

[0190] "Therapeutically effective amount," "pharmaceuti- 
cally effective amount," or similar term, means that amount of 
drug or pharmaceutical agent that will result in a biological or 
medical response of a cell, tissue, system, animal, or human 
that is being sought. In a preferred embodiment, the medical 
response is one sought by a researcher, veterinarian, medical 
doctor, or other clinician. 

[0191] "Anti-cancer agent" refers to a compound or com- 
position including the compound that reduces the likelihood 
of survival of a cancer cell . In one embodiment, the likelihood 
of survival is determined as a function of an individual cancer 
cell; thus, the anti-cancer agent will increase the chance that 
an individual cancer cell will die. In one embodiment, the 
likelihood of survival is determined as a ftmction of a popu- 
lation of cancer cells; thus, the anti-cancer agent will increase 
the chances that there will be a decrease in the population of 
cancer cells. In one embodiment, anti-cancer agent means 
chemotherapeutic agent or other similar term. 
[0192] A "chemotherapeutic agent" is a chemical com- 
pound useful in the treatment of a neoplastic disease, such as 
cancer. Examples of chemotherapeutic agents include alky- 
lating agents, such as a nitrogen mustard, an ethyleneimine 
and a methylmelamine, an alkyl sulfonate, a nitrosourea, and 
a triazene. folic acid antagonists, anti-metabolites of nucleic 
acid metabolism, antibiotics, pyrimidine analogs, 5-fluorou- 
racil, cisplatin, purine nucleosides, amines, amino acids, tria- 
zol nucleosides, corticosteroids, a natural product such as a 
vinca alkaloid, an epipodophyllotoxin, an antibiotic, an 
en2yme, a taxane, and a biological response modifier or anti- 
bodies to biological response modifiers or other agents; mis- 
cellaneous agents such as a platinum coordination complex, 
an anthracenedione, an anthracycline, a substituted urea, a 
methyl hydrazine derivative, or an adrenocortical suppres- 
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sant; or a homone or an antagonist such as an adrenocorti- 
costeroid, a progestin, an estrogen, an antiestrogen, an andro- 
gen, an antiandrogen, or a gouadotropin-releasing hormone 
analog. Specific examples include Adriamycin, Doxorubicin, 
5-Fluorouracil, Cytosine arabinoside ("Ara-C"), Cyclophos- 
phamide, Thiotepa, Busulfan, Cytoxin, Taxol, Toxotere, 
Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, 
Etoposide, Ifosfamide, Mitomycin C, Mitoxantrone, Vincre- 
istine, Vinorelbine, Carboplatin, Teniposide, Daunomycin, 
Caminomycin, Aminopterin, Dactinomycin, Mitomycins, 
Esperamicins, Melphalan, and other related nitrogen mus- 
tards. Also included in this definition ate hormonal agents that 
act to regulate or inhibit hormone action on tumors, such as 
tamoxifen and onapristone. 

[0193] The anti-cancer agent may act directly upon a can- 
cer cell to kill the cell, induce death of the cell, to prevent 
division of the cell, and the like. Alternatively, the anti-cancer 
agent may indirectly act upon the cancer cell by limiting 
nutrient or blood supply to the cell, for example. Such anti- 
cancer agents are capable of destroying or suppressing the 
growth or reproduction of cancer cells, such as a colorectal 
carcinoma, a prostate carcinoma, a breast adenocarcinoma, a 
non-small cell lung carcinoma, an ovarian carcinoma, mul- 
tiple myelomas, a melanoma, and the like. 
[0194] In one embodiment, a described compound, prefer- 
ably a compound having the Formulae I, including those as 
described herein, is considered an clTcclivc anli-cancer agent 
if the compound can inllucncc 10% of the cancer cells, for 
example. In a more preferred cmbodimenl. the compound is 
eircctive if U can inlluence 10 lo 50% ol tlie cancer cells. In an 
even more preferred embodiment, the compound is effective 
if it can influence 50-80% of the cancer cells . In an even more 
preferred embodiment, the compound is effective if it can 
influence 80-95% of the cancer cells. In an even more pre- 
ferred embodiment, the compound is effective if it can influ- 
ence 95-99% of the cancer cells. "Influence" is defined by the 
mechanism of action for each compound. For example, if a 
compound prevents the division of cancer cells, then influ- 
ence is a measure of prevention of cancer cell division. Not all 
mechanisms of action need be at the same percentage of 
effectiveness. In an alternative embodiment, a low percentage 
effectiveness can be desirable if the lower degree of effective- 
ness is offset by other factors, such as the specificity of the 
compound, for example. Thus a compound that is only 10% 
effective, for example, but displays little in the way of harmful 
side-effects to the host, or non-harmful microbes or cells, can 
still be considered effective. 

[0195] In one embodiment, the compounds described 
herein are administered simply to remove cancer cells and 
need not be administered to a patient. For example, the com- 
pounds can be administered ex vivo to a cell sample, such as 
a bone marrow or stem cell transplant to ensure that only 
non-cancerous cells are introduced into the recipient. After 
the compounds are administered they may optionally be 
removed. Whether or not this is an option will depend upon 
the relative needs of the situation and the risks associated with 
the compound, which in part can be determined as described 
in the Examples below. 

[0196] The following non-limiting examples are meant to 
describe the preferred embodiments of the methods. Varia- 
tions in the details of the particular methods employed and in 



the precise chemical compositions obtained will undoubtedly 
be appreciated by those of skill in the art. 

EXAMPLES 
Example 1 

Fermentation of Compound of Formulae 1-16, 1-17, 
1-20, I-24C, 1-26 and 1-28 Using Strain CNB476 

[0197] Strain CNB476 was grown in a 500-ml flask con- 
taining 100 ml of vegetative medium consisting of the fol- 
lowing per liter of deionized water: glucose, 4 g; Bacto tryp- 
tone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (Instant 
Ocean, Aquarium Systems), 30 g. The first seed culture was 
incubated at 28 degree C. for 3 days on a rotary shaker 
operating at 250 rpm. Five ml each of the first seed culture was 
inoculated into three 500-ml flasks containing of 100 ml of 
the vegetative medium. The second seed cultures were incu- 
bated at 28 degree C. and 250 rpm on a rotary shaker for 2 
days. Five ml each of the second seed culture was inoculated 
into thirty- five 500-ml flasks containing of 100 ml of the 
vegetative medium. The third seed cultures were incubated at 
28 degree and 250 rpm on a rotary shaker for 2 days. Five ml 
each of the third seed culture was inoculated into four hun- 
dred 500-ml flasks containing 100 ml of the Production 
Medium A consisting of the following per liter of deionized 
water: starch, 10 g; yeast extract, 4 g; Hy-Soy, 4 g; ferric 
sulfate, 40 mg; potassium bromide, 100 mg; calcium carbon- 
ate, 1 g; and synthetic sea salt (Instant Ocean, Aquarium 
Systems), 30 g. The production cultures were incubated at 28 
degree C. and 250 rpm on roatry shakers for 1 day. Approxi- 
mately 2 to 3 grams of sterile Amberlite XAD-7 resin were 
added to the production cultures. The production cultures 
were further incubated at 28 degree C. and 250 rpm on rotary 
shakers for 5 days and achieved a titer of Compound 1-16 of 
about 200 mg/L. The culhire broth was filtered tlirough 
cheese cloth to recover the .\mberlite XAD-7 resin. The resin 
was extracted with 2 times 6 liters ethyl acetate followed by 1 
time 1 .5 liters ethyl acetate. The combined extracts were dried 
in vacuo. The dried extract, containing 3.8 grams the com- 
pound of Formula 1-16 and lesser quantities of compounds of 
formulae 1-20 and I-24C, was then processed for the recovery 
of tiie compounds of Formula 1-16, 1-20, 1-24C, 1-26 and 1-28. 

Example 2 

Fermentation of Compounds 1-16, 1-17, 1-20, 1-24C, 
1-26 and 1-28 Using Stiain NPS21 184 

[0198] Sti-ain NPS2 1 1 84 was grown in a 500-niI flask con- 
taining 100 ml of vegetative medium consisting of the fol- 
lowing per liter of deioiuzed water: glucose, 8 g; yeast extract, 
6 g; Hy-Soy, 6 g; and synthetic sea salt (Instant Ocean, 
Aquarium Systems), 30 g. The first seed culture was incu- 
bated at 28 degree C. for 3 days on a rotary shaker operating 
at 250 rpm. Five ml of the first seed culture was inoculated 
into 500-ml flask containing of 100 ml of the vegetative 
mediiun. The second seed cultures were incubated at 28 
degree C. and 250 rpm on a rotary shaker for 2 days. Five ml 
each of the second seed culture was inoculated into 500-ml 
flask contaiiung of 100 ml of the vegetative medium. The 
third seed cultures were incubated at 28 degree and 250 rpm 
on a rotary shaker for 2 days. Five ml each of the third seed 
culture was inoculated into 500-ml flask containing 1 00 ml of 
the Production Medium B consisting of the following per liter 
of deionized water: starch, 20 g; yeast extract, 4 g; Hy-Soy, 8 
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g; ferric sulfate, 40 mg; potassium bromide, lOOmg; calcium 
carbonate, 1 g; and synthetic sea salt (Instant Ocean, 
Aquarium Systems), 30 g. The production cultures were incu- 
bated at 28 degree C. and 250 rpm on rotary shakers for 1 day. 
Approximately 2 to 3 grams of sterile Amberlite XAD-7 resin 
were added to the production culture. The production culture 
was fiirther incubated at 28 degree C. and 250 rpm on rotary 
sliaker for 4 days and achieved a titer of 350-400 mg/L for 
Compound 1-16. 

[0199] Alternatively, the production of the compounds can 
be achieved in a 42 L fermentor system using strain 
NPS21184. Strain NPS21184 was grown in a 500-ml flask 
containing 100 ml of vegetative medium consisting of the 
following per liter of dcionizcd water: glucose, 8 g; yeast 
extract, 6 g; Hy-Soy, 6 g; and synthetic sea saU (Instant 
Ocean, Aquarium Systems), 30 g. The first seed culture was 
incubated at 28 degree C. for 3 days on a rotary shaker 
operating at 250 rpm. Five ml of the first seed culture was 
inoculated into 500-ml flask containing of 100 ml of the 
vegetative medium. The second seed culmres were incubated 
at 28 degree C. and 250 rpm on a rotary shaker for 2 days. 
Twenty ml each of the second seed culture was inoculated 
into 2.8 L Fembach flask containing of 400 ml of the vegeta- 
tive medium. The third seed cultures were incubated at 28 
degree and 250 rpm on a rotary shaker for 2 days. 1 .2 L of the 
third seed culture was inoculated into a 42 L fermentor con- 
taining 26 L of Production Medium A. Production Medium B 
and Production Medium C, with the following composition, 
can also be used. Production Medium C consisting of the 
following per liter of deionized water: starch, 15 g; yeast 
exiraci 6 g; I ly-Soy, 6 g; lerric sulfate, 40 mg; potassium 
bromide, 100 mg; calcium carbonate, 1 g; and synthetic sea 
salt (Instant Ocean, Aquarium Systems), 30 g. The fermentor 
cultures were operated at the following parameters: tempera- 
ture, 28 degree C; agitation, 200 rpm; aeration, 13 L/minand 
back pressure, 4.5 psi. At 36 to 44 hours of the production 
cycle, approximately 600 grams of sterile Amberlite XAD-7 
resin were added to the fermentor culture. The production 
culture was further incubated at the above operating param- 
eters until day 4 of the production cycle. The aeration rate was 
lowered to 8 L/min. At day 5 of the production cycle, the 
fermentor culture achieved a titer of about 300 mg/L for 
Compound 1-16. The culture broth was filtered tlirough 
cheese cloth to recover the Amberlite XAD-7 resm. The resin 
was extracted with 2 times 4.5 L liters ethyl acetate followed 
by 1 time 1.5 liters ethyl acetate. The combined extracts were 
dried in vacuo. The dried extract was then processed for the 
recovery of the Compounds of Formulae 1-16, 1-17, 1-20, 
I-24C, 1-26 and 1-28. 

Example 3 

Purification of Compound of Formulae 1-16, 1-20, 
I-24C, 1-26 and 1-28 

[0200] The pure compounds of Formulae I- 1 6, 1-20 1-24C, 
1-26 and 1-28 were obtained by flash chromatography fol- 
lowed by HPLC. Eight grams crude extract containing 3.8 
grams of the compound of Formula 1-16 and lesser quantities 
of 1-20, 1-24C, 1-26 and 1-28 was processed by flash chroma- 
tography using Biotage Flash40i system and Flash 40M car- 
tridge (KP-Sil Silica, 32-63 ^m, 90 grams). The flash chro- 
matography was developed by the following step gradient: 
[0201] l.Hexane(lL) 
[0202] 2. 10% Ethyl acetate in hexane (1 L) 



[0203] 3. 20% Ethyl acetate in hexane, first elution (1 L) 
[0204] 4. 20% Ethyl acetate in hexane, second elution (1 L) 
[0205] 5 . 20% Ethyl acetate in hexane, third elution (1 L) 
[0206] 6. 25% Ethyl acetate in hexane (1 L) 
[0207] 7. 50% Ethyl acetate in hexane (1 L) 
[0208] 8. Ethyl acetate (1 L) 

[0209] Fractions containing the compound of Formula 1-16 
in greater or equal to 70% UV purity by HPLC were pooled 
and subject to HPLC purification, as described below, to 
obtain 1-16, along with 1-20 and I-24C, each as pure com- 



Column Phenomenex Luna lOu Silica 

Dimensions 25 cm x 2 1 .2 mm ID 

Detection ELSD 

Solvent Gradient of 24% EtOAc/hexane for 19 min, 

24% EtOAc/hexane to 100% EtOAc in 1 
min, then 1 00% EtOAc for 4 min 



[0210] The fraction enriched in compound of Formula 1-16 
(described above; -70% pure with respect to 1-16) was dis- 
solved in acetone (60 mg/ml). Aliquots (950 ul) of this solu- 
tion were injected onto a normal-phase HPLC column using 
the conditions described above. Compound 1-16 typically 
eluted after 14 minutes and conipoimds 1-24C and 1-26 co- 
eluted as a single peak at 1 1 min. When parent samples 
containing compounds 1-17, 1-20 and 1-28 were processed, 
compound 1-17 eluted at 22 minutes, while 1-20 and 1-28 
co-eluted at 23 minutes during the 100% ethyl acetate wash. 
Fractions containing compound 1-16 and minor analogs were 
pooled based on composition of compotinds present, and 
evaporated tmder reduced pressure on a rotary evaporator. 
This process yielded pure Compomid A. as well as separate 
fractions containing minor compounds 1-20. 1-24C. 1-26 and 
1-28, which were fiirther ptirified as described below. 
[0211] Sample containing I-24C and 1-26 generated from 
the process described above were further separated using 
reversed-phase preparative HPLC as follows. The sample 
containing I-24C (70 mg) was dissolved in acetonitrile at a 
concentration of 10 mg/ml, and 500 \il was loaded on an 
HPLC column of dimensions 21 mm i.d. by 15 cm length 
containing Eclipse XDB-C18 support. The solvent gradient 
increased linearly from 1 5% acetonitrile/85% water to 1 00% 
acetonitrile over 23 minutes at a flow rate of 14.5 ml/min. The 
solvent composition was held at 100% acetonitrile for 3 min- 
utes before returning to the starting solvent mixture. Com- 
potmd 1-26 eluted at 17.5 minutes while compound I-24C 
eluted at 19 minutes under these conditions. 
[0212] Crystalline 1-26 was obtained using a vapor diffij- 
sion method. Compound 1-26 (15 mg) was dissolved in 100 \i\ 
of acetone in a 1 .5 ml v-bottom HPLC vial. This vial was then 
placed inside a larger sealed vessel containing 1 ml of pen- 
tane. Crystals suitable forX-ray crystallography experiments 
were observed along the sides and bottom of the inner vial 
after 48 hours of incubation at 4° C. Crystallography data was 
collected on a Bruker SMART APEX CCD X-ray diffracto- 
meter (F(000)=2656, MO^^ radiation, X=0.71073 A, n=0. 
264 mm-\ T=100K) at the UCSD Crystallography Lab and 
the refinement method used was ftill-matrix least-squares on 
F^ Crystal data NPI-2065: C15H20CINO4, MW=313.77, tet- 
ragonal, space group P4(l)2(l)2, a=b=11.4901(3) A, c=46. 
444(2) A, a=p=7=90°, vol=6131.6(3) A^ Z=16, p,,fc^=l. 
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360gcm-^ crystal size, 0.30x0. 1 5x0.07 mm^, 6 range, 1.75- 
26.00°, 35367 reflections collected, 6025 independent 
reflections (R,„,=0.0480), final R indices (I>2a©): Ri=0. 
0369, wR2=0.0794, GOF=1.060. 

[0213] In order to separate 1-28 fi-om 1-20, a reverse-phase 
isocratic method was employed. Sample (69.2 mg) contain- 
ing both compounds was dissolved in acetonitrile to a con- 
centration of 10 mg/ml, and 500 ^1 was loaded on a reverse- 
phase HPLC column (ACE 5 CI 8-HL, 1 5 cmx21 mm ID) per 
injection. An isocratic solvent system of 27% acetonitrile/ 
63% water at flow rate of 14.5 ml/min was used to separate 
compoimds 1-28 and 1-20, which eluted after 14 and 1 6 min- 
utes, respectively. Fractions containing conipomids of inter- 
est were immediately evaporated under reduced pressure at 
room temperature on a rotary evaporator. Samples were then 
loaded onto a small column of silica and eluted with 10 ml of 
70% hexane/30% acetone to remove additional impurities. 
[0214] Samples generated fom the preparative normal- 
phase HPLC method described above that contained 1-20, but 
which were free of 1-28 could also be trimrated with 100% 
ElOAc to remove minor lipopliilic impurities. 
[0215] Compound of Formula 1-16: LTV' (Acetonitrile/ 
H2O) X„„ 225(sh) nm. Low Res. Mass: m/z 3 14 (M+H), 336 
(M+Na). 

[0216] Compound of Formula 1-20: UV (Acetonitrile/ 
H2O) Kax 225(sh) nm. Low Res. Mass: m/z 266 (M+H); 
HRMS (ESI), m/z 266.1396 (M+H), ^^„i=\2 ppm. 
[0217] Compound of Formula I-24C: UV (Acetonitrile/ 
H2O) 225(sh) nm. Low Res. Mass: m/z 328 (M+H), 350 
(M+Na); HRMS (ESI), m/z 328.1309 (M+H), A,,,,=-2.0 
ppm, CisHjjNO^Cl. 

[0218] Compound of Formula 1-26: UV (Acetonitrile/ 
H2O) Kax 225(sh) nm; HRMS (ESI), m/z 314.1 158 (M+H), 

Kalc=-^-^ ppm, C15H21NO4CI. 

[0219] Compound of Formula 1-28: UV (Acetonitrile/ 
H2O) Ka. 225(sh) nm; HRMS (ESI), m/z 266.1388 (M+H), 
A^„;^=-1.8 ppm, C14H20NO4. 

Example 4 

Fermentation of Compoimds of Formulae 1-17, 1-18, 
and 1-27 

[0220] Strain CNB476 was grown in a 500-ml flask con- 
taining 1 00 ml of the first vegetative medium consisting of the 
following per liter of deionized water: glucose, 4 g; Bacto 
tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt 
(Instant Ocean, Aquarium Systems), 30 g. The first seed cul- 
ture was incubated at 28 degree C. for 3 days on a rotary 
shaker operating at 250 rpm. Five ml of the first seed culture 
was inoculated into a 500-ml flask containing 100 ml of the 
second vegetative medium consisting of the following per 
liter of deionized water: starch, 10 g; yeast extract, 4 g; 
peptone, 2 g; ferric sulfate, 40 mg; potassium bromide, 100 
mg; calcium carbonate, 1 g; and sodium bromide, 30 g. The 
second seed cultures were incubated at 28° C. for 7 days on a 
rotary shaker operating at 250 rpm. Approximately 2 to 3 
gram of sterile Amberlite XAD-7 resin were added to the 
second seed culture. The second seed culture was fijrther 
incubated at 28° C. for 2 days on a rotary shaker operating at 
250 rpm. Five ml of the second seed cvdture was inoculated 
into a 500-ml flask containing 1 00 ml of the second vegetative 
medium. The third seed culture was incubated at 28° C. for 1 
day on a rotary shaker operating at 250 rpm. Approximately 2 
to 3 gram of sterile Amberlite XAD-7 resin were added to the 



third seed culture. The third seed culture was fijrther incu- 
bated at 28° C. for 2 days on a rotary shaker operating at 250 
rpm. Five ml of the third culture was inoculated into a 500-ml 
flask containing 1 00 ml of the second vegetative medium. The 
fourth seed culture was incubated at 28° C. for 1 day on a 
rotary shaker operating at 250 rpm. Approximately 2 to 3 
gram of sterile Amberlite XAD-7 resin were added to the 
fourth seed culture. The fourth seed culture was further incu- 
bated at 28° C. for 1 day on a rotary shaker operating at 250 
rpm. Five ml each of the fourth seed culture was inoculated 
into ten 500-ml flasks containing 100 ml of the second veg- 
etative medium. The fifth seed cultures were incubated at 28° 
C. for 1 d;i\ on ;i l ouin shaker operating at 250 rpm. Approxi- 
mately 2 to 3 grams ol sterile Amberlite XAD-7 resin were 
added 10 ilic lilili seed cultures. The fifth seed cultures were 
fiirther incubated at 28° C. for 3 days on a rotary shaker 
operating at 250 rpm. Four ml each of the fifth seed culture 
was inoculated into one hundred and fifty 500-ml flasks con- 
taining 100 ml of the production medium having the same 
composition as the second vegetative medium. Approxi- 
mately 2 to 3 grams of sterile Amberiite XAD-7 resin were 
also added to the production culmre. The production cultures 
were incubated at 28° C. for 6 day on a rotary shaker operating 
at 250 rpm. The culture broth was filtered through cheese 
cloth to recover the Amberlite XAD-7 resin. The resin was 
extracted with 2 times 3 liters ethyl acetate followed by 1 time 
1 liter ethyl acetate. The combined extracts were dried in 
vacuo. The dried extract, containing 0.42 g of the compound 
Formula 1-17 and 0.16 gram the compound of Formula 1-18, 
was then processed for the recovery of the compoimds. 

Example 5 

Purification of Compounds of Formula 1-1 7, 1-1 8 and 
1-27 

[0221] The pure compounds of Formula 1-17 and 1-18 were 
obtained by reversed-phase HPLC as described below: 



Column ACE 5 C18-HL 

Dimensions 15 cm x 21 mm ID 

Flow rate 14.5 ml/min 

Detection 214 nm 




[0222] Grade extract (100 mg) was dissolved in 15 ml of 
acetonitrile. Aliquots (900 ul) of this solution were injected 
onto a reversed-phase HPLC column using the conditions 
described above. Compounds of Formulae 1-17 and 1-18 
eluted at 7.5 and 9 minutes, respectively. Fractions containing 
the pure compounds were first concentrated using nitrogen to 
remove organic solvent. The remaining solution was then 
frozen and lyophilized to dryness. 

[0223] .\n alternative purification method for Compound 
1-17 and 1-18 was developed for larger scale purification and 
involved fractionation of the crude extract on a normal phase 
VLC column. Under these conditions, sufficient amounts of 
several minor metabolites were identified, including com- 
poundl-27. The crude extract (2.4 g) was dissolved in acetone 
(10 ml) and this solution adsorbed onto siUca gel (10 cc) by 
drying in vacuo. The adsorbed crude extract was loaded on a 
normal phase silica VLC colunm (250 cc silica gel, column 
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dimensions 2.5 cm diameter by 15 cm length) and washed 
with a step gradient ofhexane/EtOAc. increasing in the per- 
centage of hexane in steps of 5% (100 ml solvent per step). 
The majority of compound 1-16 eluted in the 60% hexane/ 
40% EtOAc wash while the maj ority of compound 1-17 ehited 
in the 50% hexane/50% ethyl acetate wash. Final separation 
of the compounds was achieved using CI 8 HPLC chroma- 
tography (ACE 5^l C18-HL, 150 mmx21 mm ID) using an 
isocratic solvent system consisting of 35% ACN/65% H20. 
Under these conditions, compound 1-27 eluted at 11 minutes, 
compound 1-17 eluted at 12.00 minutes, traces of compotmd 
A eluted at 23.5 minutes, and compound 1-18 eluted at 25.5 
minutes. The resLilling samples were dried in vacuo using no 
heat to remove the aqueous solvent mixture. The spectro- 
scopic data for these samples of compound 1-16 and com- 
pound 1-18 were found to be identical with those of samples 
prepared from earlier purification methods. The sample of 
compotmd 1-18 was fotmd to contain 8% of the lactone 
hydrolysis product and was further purified by washing 
through a normal phase silica plug (1 cm diameter by 2 cm 
height) and eluting using a solvent mixture of 20% EtOAc/ 
80% Hexanes (25 ml). The resuhing sample was found to 
contain pure compound 1-18. 

[02241 The fractions containing compound 1-27 described 
above were fiirther purified using normal phase semiprepara- 
tivc HPLC (Phenomcnex Luna Si lOn, 100 A; 250x10mm id) 
using a solvent gradient increasing from 100% hexane to 
100% EtOAc over 20 minutes with a flowrate of 4 ml/min. 
Compound 1-27 eluted as a pure compotmd after 11.5 minutes 
(0.8 mg, 0.03% isolated yield from dried extract weight). 
[0225] Compound of Formula 1-17: UV (Acetonitrile/ 
H20)>i„^^225(sh)mn. High Res. Mass (APCl): m/z 280.156 
(M+H), A^^,^=2.2 ppm, C15H22NO4. 

[0226] Compound of Formula 1-18: UV (Acetonitrile/ 
H20)X„„^225(sh)nm. HighRes. Mass (APCl): m/z 358.065 
(M+H), A^„,=-1.9 ppm, Ci5H2iN04Br 
[0227] Compound 1-27: UV (Acetonitrile/H^O) 225 
(sh) nm; MS (HR-ESI), m/z 280.1556 (M+H) A^^i=2.7 ppm 
(C15H22NO4); ^H NMR (DMSO-dg). 

Example 6 

Preparation of Compoimd of Formula 1-19 from 1-16 

[0228] A sample of compound of FomiuLi 1-16 (250 mg) 
was added to an acetone solution of sodium iodide (1 .5 g in 1 0 
ml) and the resulting mixture stirred for 6 days. The solution 
was then filtered through a 0.45 micron syringe filter and 
injected dfrectly on a normal phase silica HPLC column 
(Phenomenex Luna lOu Silica, 25 cmx21.2 mm) in 0.95 ml 
aliquots. The HPLC conditions for the separation of com- 
pound formula 1-19 from unreacted 1-16 employed an iso- 
cratic HPLC method consisting of 24% ethyl acetate and 76% 
hexane, in which the majority of compound 1-19 eluted 2.5 
minutes before compound 1-16. Equivalent fractions from 
each of 10 injections were pooled to yield 35 mg compotmd 
1-19. Compound 1-19: UV (Acetonitrile/H^O) 225 (sh), 255 
(sh) nm; ESMS, m/z 406.0 (M+H); HRMS (ESI), m/z 406. 
0513 [M+H]*, A^„fc=-0.5 ppm, C15H21NO4I; ^H NMR in 
DMSO-dg. 




ci I 

1-16 1-19 



Example 7 

Synthesis of the Compounds of Formulae 1-2, 1-3, 
and 1-4 

[0229] Compounds of Formulae 1-2, 1-3 and 1-4 can be 
synthesized from compounds of Formulae 1-16, 1-17 and 
1-18, respectively, by catalytic hydrogenation. 
Exemplary Depiction of Synthesis 
[0230] 




1-16: R = C1 I-2:R = C1 

1-17: R = H 1-3: R = H 

1-18: R = Br I-4:R = Br 



Example 7A 

Catalytic Hydrogenation of Compound of Formula 
1-16 

[0231] Compotmd of Formula 1-16 (10 mg) was dissolved 
in acetone (5 mL) in a scintillation vial (20 mL) to which was 
added the 10% (w/w) Pd/C (1-2 mg) and a magnetic stirrer 
bar. The reaction mixture was stirred in a hydrogen atmo- 
sphere at room temperature for about 15 hours. The reaction 
mixture was filtered tlirough a 3 cc silica column and washed 
with acetone. The filtrate was filtered again through 0.2 |j,m 
Gelman Acrodisc to remove any traces of catalyst. The sol- 
vent was evaporated off from filtrate under reduced pressure 
to yield the compound of Formula 1-2 as a pure white powder: 
UV (acetonitrile/H^O): 225 (sh) nm. 

Example 7B 

Catalytic Hydrogenation of Compound of Formula 
1-17 

[0232] Compoundof Formula 1-17 (5 mg) was dissolved in 
acetone (3 mL) in a scintillation vial (20 mL) to which was 
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added the 10% (w/w) Pd/C (about 1 mg) and a magnetic 
stirrer ban Ttie reaction mixture was stirred in a liydrogen 
atmospliere at room temperature for about 15 hours. The 
reaction mixture was filtered through a 0.2 \im Gelman Acro- 
disc to remove the catalyst. The solvent was evaporated off 
fi-om filtrate to yield the compound of Formula 1-3 as a white 
powder which was purified by normal phase HPLC using the 
following conditions; 



Phenomenex Luna IC 



[0238] Compound of Formula 1- 1 6 (1 01 mg, 0.32 mmole) 
was dissolved in methylenechloride (30 mL) in a 100 ml of 
round bottom flask to which was added 79 mg (0.46 mmole) 
of meta-chloroperbenzoic acid (mCPBA) and a magnetic stir 
bar. The reaction mixture was stirred at room temperature for 
about 1 8 hours. The reaction mixture was poured onto a 20 cc 
silica flash column and eluted with 120 ml of CHjClj, 75 ml 
of 1:1 ethyl acetate/hexane and finally with 40 ml of 100% 
ethyl acetate. The 1:1 ethyl acetate/hexane fractions yield a 
mixture of diastereomers of epoxyderivatives, Formula I-5A 
and I-5B, which were separated by normal phase HPLC using 
the following conditions: 



[0233] Compound of Formula 1-3 eluted at 22.5 min at 
pure compound: UV (acetonitrile/HjO): 225 (sh) n 
Formula 1-3: m/z 282 (M+H), 304 (M+Na). 



[0234] 3 .2 mg of compound of Fomiula I- 1 8 was dissolved 
in acetone (3 mL) in a scintillation vial (20 mL) to which was 
added the 10% (w/w) Pd/C (about 1 mg) and a magnetic 
stirrer bar. The reaction mixture was stirred in hydrogen 
atmosphere at room temperature for about 15 hours. The 
reaction mixture was filtered through a 0.2 |i.m Gelman Acro- 
disc to remove the catalyst. The solvent was evaporated off 
from filtrate to yield the compotmd of Formula 1-4 as a white 
powder which was further purified by normal phase HPLC 
using the following conditions: 



n, 80tol00%EtOAc 



[0235] Compound of Formula 1-4 eluted at 16.5 min as a 
pure compound: UV (acetonitrile/H20): X„^^ 225 (sh) nm. 
Formula 1-4: m/z 360 (M+H), 382 (M+Na). 
[0236] In addition, high resolution mass spectrometry data 
were obtained for compounds 1-2, 1-3, and 1-4. Compound 
1-2: HRMS (ESI), m/z 316.1305 [M+H]*, A^,,^=-3.5 ppm, 
C15H23NO4CI. Compound 1-3: HRMS (ESI), m/z 282.1706 
[M+H]*, A^„,^=0.3 ppm, C15H24NO4. Compound 1-4: HRMS 
(ESI), m/z 360.0798 [M+H]*, A^„fc=-3.4 ppm, 
CijHjsNO^Br 



Example 8 



[0237] Compounds of Formula I-5A and Formula I-5B can 
be synthesized from compound of Formula 1-16 by epoxida- 
tionwithmCPBA. 



ELSD 

25% to 80% EtOAc/Hex over 
mm, 80 to 100% EtOAc in 1 r 
then 5 min at 100% EtOAc 



[0239] Compound I'omnila 1-5 A (major product) and I-5B 
(minor product) eluted at 21.5 and 19 min, respectively, as 
pure compotmds. Compound I-5B was further chromato- 
graphed on a 3 cc silica flash column to remove fraces of 
chlorobenzoic acid reagent. 




mCPBA O: 
CH2CI2 HI 
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Structural Characterization 

[0240] FormulaI-5A: UV(Acetonitrile/H20)X„^225 (sh) 
nm. Low Res. Mass: m/z 330 (M+H), 352 (M+Na); HRMS 
(ESI), m/z 330.1099 [M+H]*, A^^,^=-2.9 ppm, 
C15H21NO5CI. 

[0241] Formulal-5B:UV(Acetomtrile/H20)X„^225(sli) 
mil. Low Res. Mass; m/z 330 (M+H), 352 (M+Na); HRMS 
(ESI), m/z 330.1105 [M+H]*, A^,^=-0.9 ppm, 
C15H21NO5CI. 

Example 9 

Synthesis of the Compoimds of Formulae IV- 1, IV-2, 
IV-3 and IV-4 

Synthesis of Did Derivatives (Formula IV-2) 
[0242] Diols can be synthesized by Sliarpless diliydroxyla- 
tion using AD mix-a and fy. AD niix-a is a premix of four 
reagents, K20sO.(OIlU; KXO,: K:,,Fc(CN)„; (DHQ).- 
PHAL [l,4-bis(9-0-dihydroquinine)phlhala/ine| and AD 
mix-|3 is a premix of K20s02(OH)4; KXO,; K3Fe(CN)6; 
(DHQD)2-PHAL [l,4-bis(9-0-diliydroquinidine)phthala- 
zine] which are conunercially available from Aldrich. Diol 
can also be synthesized by acid or base hydrolysis of epoxy 
compounds (Formula 1-5A and I-5B) which may be diflerent 
to that of products obtained in Sharpless dihydroxylation in 
their stereochemistry at carbons bearing hydroxyl groups 

Sharpless Dihydroxylation of Compounds 1-16,1-17 and I- 1 8 
[0243] Any of the compounds of Formulae 1-16. 1-17 and 
1-18 can be used as the starting compound. In the example 
below, compound of Formula I- 16 is used. Tlie starting com- 
pound is dissolved in t-butanol/ water in a round bottom flask 
to which is added AD mix-a or (5 and a magnetic stir bar. The 
reaction is monitored by silica TLC as well as mass spectrom- 
eter. The pure diols are obtained by usual workup and purifi- 
cation by flash chromatography or HPLC. The structures are 
confirmed by NMR spectroscopy and mass spectrometry. In 
this method both hydroxyl groups are on same side. 



Nucleophilic Ring Opening of Epoxy Compounds (1-5): 

[0244] The epoxy ring is opened with various nucleophiles 
like NaCN, NaNj, NaOAc, HBr, HCl, etc. to create various 
substituents on the cyclohexane ring, including a hydroxyl 
substituent. 

Examples 

[0245] 




ci 

R7:CNorN3irR6 is OH 
R6:CNorN3 if R7 is OH 
Formula IV- 1 
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FORMULA 1-5 



FORMULA 1-5 



FORMULA IV-3 



[0247] Compound ol' 1 ■ormula 1-5A (3 3 mg) was dissolved 
in acetonitrile (0.5 ml) in a 1 dram vial to which was added 5% 
HCl (500 ul ) aiid a magnetic stir bar The reaction mixture was 
stirred at room temperature for about an hour The reaction 
was monitored by mass spectrometry. The reaction mixture 
was directly injected on normal phase HPLC to obtain com- 
pound of Formula IV-3C as a pure compound without any 
work up. The HPLC conditions used for the purification were 
as follows: Phenomenex Luna lOu SiUca column (25 
cmx21.2 mm ID) with a solvent gradient of 25% to 80% 
EtOAc/Hex over 1 9 min, 80 to 1 00% EtOAc in 1 min, then 5 
min at 100% EtOAc at a flow rate of 14.5 ml/min. An ELSD 
was used to monitor the purification process. Compound of 
Formula IV-3C eluted at about 1 8 min (2.2 mg). Compound of 
Formula IV-3C: UV (Acetonitrile/H^O) X„^^^ 225 (sh) nm; 
ESMS, m/z 366 (M+H), 388 (M-nNa); HRMS (ESI), m/z 
366.0875 [M+H]*, A^„,^=0.0 ppm, CijH^^NOjCl^; 'H NMR 
in DMSO-dg. The stereochemistry of the compound of For- 
mula IV-3C was determined based on coupling constants 
observed in the cyclohexane ring in 1 :1 CgDg/DMSO-dg. 





[0248] Reductive ring opening of epoxides (1-5): The com- 
pound of Formula is treated with metalhydrides like BH3- 
THF complex to make compotmd of Formula rV-4. 



FORMULA IV-4 



Example 10 

Synthesis of the Compounds of Formulae I-13C and 
I-8C 

[0249] Compound of Formula I-l 6 (.-^0 mg) was dissolved 
in CH2CI, (6 ml) in a scintillation vial (20 ml) to wliich 
Dess-Martin Periodinane (122 mg) and a magnetic stir bar 
were added. The reaction mixture was stirred at room tem- 
perature for about 2 hours. The progress of the reaction was 
monitored by TLC (Hex:EtOAc, 6:4) and analytical HPLC. 
From the reaction mixture, the solvent volume was reduced to 
one third, absorbed on silica gel. poured on top of a 20 cc 
silica flash colimm and eluted in 20 ml fractions using a 
gradient of Hexane/EtO.Ac from 10 to 100%. The fraction 
eluted with 30% EtOAc in Hexane contained a mixture of 
rotamers of Fomuila I-13C in a ratio of 1 .5:8.5. The mixture 
was further purified by normal phase HPLC using the Phe- 
nomenex Luna lOu Silica column (25 cmx21 .2 mm ID) with 
a solvent gradient of 25% to 80% EtOAc/Hex over 19 min, 80 
to 100% EtOAc over 1 min, holding at 100% EtOAc for 5 
min, at a flow rate of 14.5 ml/min. An ELSD was used to 
monitor the purification process. Compound of Formula 
1-1 3C eluted at 13.0 and 13.2 mins as a mixture of rotamers 
with in a ratio of 1.5:8.5 (7 mg). Formula I-13C: UV (Aceto- 
nitrile/Hp) X„„ 226 (sh) & 300 (sh) nm; ESMS, m/z 312 
(M+H)*, 334 (M+Na)*; HRMS (ESI), m/z 312.1017 
[M+H]*, A^„,^=4.5 ppm, C15H19NO4CI; 'H NMR in DMSO- 
dg- 

[0250] The lotamer mixture of Formula I-13C (4 mg) was 
dissolved in acetone (1 ml) in a scintillation vial (20 ml) to 
which a catalytic amount (0.5 mg) of 10% (w/w) Pd/C and a 
magnetic stir bar were added. The reaction mixture was 
stirred in a hydrogen atmosphere at room temperature for 
about 15 hours. The reaction mixture was filtered through a 
0.2 \ua Gelman Acrodisc to remove the catalyst. The solvent 
was evaporated from the filtrate to yield compound of For- 
mula I-8C as a colorless gum which was flirther purified by 
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nomal phase HPLC using a Phenomenex Luna lOu Silica 
column (25 cmx21 .2 mm ID) with a solvent gradient of 25% 
to 80% EtOAc/Hex over 19 min, 80 to 100% EtOAc over 1 
min, holding at 100% EtOAc for 5 min, at a flow rate of 14.5 
ml/min. An ELSD was used to monitor the purification pro- 
cess. Compound of Formula I-8C (1 mg) elutedat 13.5 min as 
a pure compound. Formula I-8C: UV (Acetonitrile/HjO) 
225 (sh) mii; ESMS, in/z 314 (M+H)*, 336 (M+Na)*; 
HRMS (ESI), m/z 314.1149 [M+H]*, A^„fc=3.3 ppm, 
C15H21NO4CI; NMR in DMSO-dg. 




ci ci 



I-13C 1-8C 



Example 1 1 

Synthesis of the Compound of Formula 1-25 from 

1-13C 

[0251] The rotamer mixUire of Formula 1- 1 3C (5 mg) was 
dissolved in dimethoxy ethane (monoglyme; 1.5 ml) in a 
scintillation vial (20 ml) to which water (1 5 |il (1 % of the final 
solution concentration)) and a magnetic stir bar were added. 
The above solution was cooled to -78° C. ona dry ice-acetone 
bath, and a sodium borohydride solution (3 .7 mg of NaBH4 in 
0.5 ml of monoglyme (created to allow for slow addition)) 
was added drop-wise. The reaction mixture was stirred at 
-78° C. for about 14 minutes. The reaction mixture was 
acidified using 2 ml of 4% HCl solution in water and extracted 
with CH2CI2 . The organic layer was evaporated to yield mix- 
ture of compound of formulae 1-25 and 1-16 in a 9.5:0.5 ratio 
as a white solid, which was fiirther purified by normal phase 
HPLC using a Phenomenex Luna lOu Silica column (25 
cmx21.2 mm ID). The mobile phase was 24% EtOAc/76% 
Hexane, which was held isocratic for 19 min, followed by a 
linear gradient of 24% to 100% EtOAc over 1 min, and held 
at 100% EtOAc for 3 min; the flow rate was 25 ml/min. An 
ELSD was used to monitor the purification process. Com- 
pound of formula 1-25 (1.5 mg) eluted at 1 1 .64 min as a pure 



compound. Compound of Formula 1-25: UV (Acetonitrile/ 
H2O) K„^, 225 (sh) nm; ESMS, m/z 314 (M+H)*, 336 
(M+Na)*; HRMS (ESI), m/z 314.1154 [M+H]*, A^„,^=-0.6 
ppm, C15H21NO4CI; 'H NMR in DMSO-dg. 




CI 



1-25 (95%) 



Example 12 

Synthesis of the Compounds of Formulae 1-31, 1-32 
and 1-49 from I-13C: and Compounds of Formulae 
1-33, 1-34. 1-35 and 1-36 from 1-31 and 1-32 
|0252] A rotamer mixture of the Compound of Formula 
I-13C (20 mg) was dissolved in acetone (4 ml) in a scintilla- 
tion vial (20 ml) to which a catalytic amoimt (3 mg) of 10% 
(w/w) Pd/C and a magnetic stir bar were added. The reaction 
mixture was stirred at room temperature for about 15 hours. 
The reaction mixture was filtered through a 0.2 |im Gelman 
Acrodisc to remove the catalyst. The solvent was evaporated 
from the filtrate to yield a mixture of diastereomers of 
hydroxy derivatives of Formulae 1-31 and 1-32 (1:1) and a 
minor compound 1-49. wliich were separated by reversed 
phase HPLC using Ace 5u CI 8 column (1 50 mmx22 mm ID) 
with a solvent gradient of 90% to 30% HjO/ Acetonitrile over 
1 5 min, 70 to 1 00% Acetonitrile over 5 min, holding at 1 00% 
Acetonitrile for 4 min, at a flow rate of 14.5 ml/min. A diode 
array detector was used to monitor the purification process. 
Compound 1-3 1 (2 mg), 1-32 (2 mg) and 1-49 (0.2 mg) eluted 
at 10.6, 1 0.8 and 1 1 .54 min, respectively, as pure compounds. 
1-31: UV (Acetonitrile/H^O) X„„ 250 (sh) nm; ESMS miz 
328.1 (M+H)* & 350.0 (M+Na)*. 1-32: UV (Acetonitrile/ 
H2O) Kax 250 (sh) nm; ESMS, m/z 328.1 (M+H)"^ & 350.0 
(M+Na)*. 1-49: UV (Acetonitrile/H^O) 250 (sh) and 320 
nm; ESMS, m/z 326.0 (M+H)*, 343.1 (M+H^O)* & 348.0 
(M+Na)*. 

[0253] In an alternate method, compounds 1-31, 1-32 and 
1-49 were separated by normal phase HPLC using Phenom- 
enex Luna lOu Silica colimm (25 cmx21.2 mm ID) with a 
solvent gradient of 10% to 1 00% Hexane/EtOAc over 24 min, 
holding at 100% EtOAc for 3 min, at a flow rate of 14.5 
ml/min. ELSD was used to monitor the purification process. 
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[0254] The ketone of the compounds of formula 1-31 and 
1-32 can be reduced by using sodium borohydride at 0 to - 1 0° 
C. in monoglyme solvent for about 14 minutes. The reaction 
mixture can be acidified using 4% HCl solution in water and 
extracted with CHjClj. The organic layer can be evaporated 
to yield the mixtures of compounds of formulae 1-33, 1-34, 
1-35 and 1-36 which can be separated by chromatographic 
methods. 




ci 



Cl 

1-33, 1-34, 1-35 and 1-36 

Example 13 

Synthesis of the Compound of Formulae 1-21 from 
1-19 

[0255] Acetone (7.5 ml) was vigorously mixed with 5 N 
NaOH (3 ml) and the resulting mixture evaporated to a mini- 
mum volume in vacuo . A sample of 1 00 nl of this solution was 
mixed with compound of Formula 1-19 (6.2 mg) in acetone (1 
ml) and the resulting biphasic mixture vortexed for 2 minutes. 
The reaction solution was immediately subjected to prepara- 
tive C18 HPLC. Conditions for the purificatiou involved a 
linear gradient if 10% acetonitrile/90% water to 90% aceto- 
nitrile/10% water over 17 minutes using an Ace 5|i C18 
HPLC column of dimensions 22 mm id by 150 mm length. 
Compoimd of Formula 1-21 eluted at 9. 1 minutes under these 
conditions to yield 0.55 mg compound. Compound of For- 
mula 1-21: UV (Acetonitrile/H20) 225 (sh), ESMS, m/z 
296.1 (M+H); NMR in DMSO-dg. 
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Example 14 

Synthesis of the Compound of Formulae 1-22 from 
1-19 

[0256] A sample of 60 mg sodium propionate was added to 
a solution of compound of Formula I- 1 9 (5.3 mg) in DMSO ( 1 
ml) and the mixture sonicated for 5 minutes, tliough the 
sodium propionate did not completely dissolve. After 45 min- 
utes, the solution was filtered through a 0.45|j, syringe filter 
and purified directly using HPLC. Conditions for the purifi- 
cation involved a linear gradient if 10% acetonitrile/'90% 
water to 90% acetonitrile/10% water over 17 minutes using 
an Ace 5^ CI 8 HPLC column of dimensions 22 mm id hy 1 50 
mm length. Under these conditions, compound of Formula 
1-22 eluted at 12.3 minutes to yield 0.7 mg compound (15% 
isolated yield). UV (Acetonitrile/HjO) 225 (sh), ESMS, m/z 
352.2 (M+H); HRMS (ESI), m/z 352.1762 [M+H]*, 
A,„;.=0.6 ppm, CigHjgNOg; NMR in DMSO-dg. 



minutes (4.2 mg, 85% yield). A 2.4 mg portion of compound 
1-29 was further purified using additional CI 8 HPLC chro- 
matography (ACE 5|i C 1 8-HL, 1 50 mmx2 1 nmi ID) using an 
isocratic solvent gradient consisting of 35% acetonitrile/65% 
HjO. Under these conditions compound 1-29 eluted after 20 
minutes, while Compound 1-16 eluted after 21.5 minutes. The 
resulting sample consisted of 1.1 mg Compound 1-29 was 
used for characterization in biological assays. 
[0258] Compound 1-29: UV (Acetonitrile/H^O) 225 (sh), 
ESMS, m/z 321 .1 (M+H); ^H NMR in DMSO-dg. 





Example 15 

Synthesis of the Compound of Formula 1-29 from 
1-19 

[0257] A sample of NaNj (80 mg) was dissolved in DMSO 
(1 ml) and transferred to a vial containing Compound 1-19 
(6.2 mg) which was contaminated with approximately 10% 
Compound 1-16. The solution was incubated at room tem- 
perature for 1 hr prior to purification on C 1 8 HPLC (ACE 5^ 
C18-HL, 150 mmx21 mm ID) using a solvent gradient of 
10% acetonitrile/90% H2O to 90% acetonitrile/10% HjO 
over 17 minutes. Using this method, the desired azido deriva- 
tive 1-29 co-eluted with Compound 1-16 contaminant at 12.5 




[0259] The compounds of Formulae 1-37 and 1-38 can be 
prepared from the compound of Formula I-l 9 by cyano-de- 
halogenation or thiocyanato-de-halogenation, respectively. 
Compound 1-19 can be treated with NaCN or KCN to obtain 
compound 1-37. Alternatively. Compound 1-19 can be treated 
with NaSCN or KSCN to obtain compound 1-38. 
Synthesis of the compound of Formula 1-38 from 1-19: 
[0260] The compound of formula 1-19 (10.6 mg. 0.02616 
mmol) was dissolved in 1 .5 ml of acetone in a scintillation 
vial (20 ml) to which sodium thiocyanate (10.0 mg. 0.1234 
mmol), triethylamine (5 jil. 0.03597 mmol) and a magnetic 
stir bar were added. The reaction mixture was stirred at room 
temperature for 72 hours. The reaction mixture was concen- 
trated in vacuo to yield the compound 1-38. Compound 1-38 
was purified by nomial phase HPLC using a Phenomenex 
Luna 1 Oji Silica colunm (25 cmx2 1 .2 nmi ID) with a solvent 
gradient of 0 to 95% H,0/Acetonitrile over 21 min, at a flow 
rate of 14.5 ml/min. Diode array detector was used to monitor 
the purification process. Compound 1-38 (3 .0 mg, 34% yield) 
eluted at 18.0 min as apure compound. 1-38: UVAcetonitrile/ 
H2O Kax 203 (sh) nm; ESMS m/z 337.1 (M+H)+& 359.1 
(M+Na)*. 





10 NaSCN, EtjN, a- 
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Example 17 

Synthesis of the Compound of Formula 1-39 from 
1-19 

[0261] Thiols and thioethers of the Formula 1-39 can he 
formed by dehalogenation of the compound of Formula 1-19. 
Thiols (R=H) can be formed by treatment of Compoimd 1-19 
with NaSH, for example, while thioethers (R=alkyl) can be 
formed by treatment of Compound 1-19 with sahs of tiiiols, or 
alternatively, by freatment with thiols themselves by running 
the reaction in benzene in the presence of DBU. 




1-19 1-39 



Example 18 

Synthesis of the Compound of Formula 1-40 from 
1-39 

[0262] Sulfoxides (n=l) and sulfones (n=2) of the Formula 
1-40 can be formed by oxidation of thioethers of the Formula 
1-39, for example, with hydrogen peroxide or other oxidizing 
agents. 



MO 




1-19 



Example 19 

Synthesis of the Compound of Formula I-41A from 
1-21 

[0263] The compound of the Formula 1-41 A can be pre- 
pared by freatment of the compound of Formula 1-21 (or a 
protected derivative of 1-2 1 , where the C-5 alcohol or lactam 
NH are protected, for example) with methyl sulfonyl chloride 
(mesyl chloride) in pyridine, for example, or by freatment 
with mesyl chloride in the presence of triethylaminde. Other 
sulfonate esters can be similarly prepared. 




Example 20 

Synthesis of the Compound of Formula 1-46 from 
1-19 OR I-41A 

[0264] The alkene of the Formula 1-46 can be prepared by 
dehydroiodination of the compound of Formula 1-19, or by 
hydio-mesyloxy elimination of the compound of Formula 
1-41 A, for example, by freatment with base. 




H3CO2SO 



1-46 
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Example 21 
Synthesis of the Compound of Formula I-42A 
[0265] Synthesis of boronic acids or esters, for example, 
the compound of the Formula I-42A, can be achieved as 
outlined in the retro synthetic scheme below. Hydroboration 
of the alkene of Formula 1-46 gives the corresponding alkyl 
borane, which can be converted to the corresponding boronic 
acid or ester, for example, the compotmd of the Formula 
I-42A. 




BH2 RO — B 



OR 

1-46 I-42A 



Example 22 
Synthesis of the Compound of Formula 1-43 A 
[0266] The compound of the Formula I-43A can be pre- 
pared by treatment of the compound of Formula 1-19 with 
triphenyl phosphine to make a phosphorus ylide, which can 
be treated with various aldehydes, for example, glyoxylic 
acid methyl ester, to make Formula I-43A. 




Example 23 

Synthesis of the Compound of Formula 1-30 from 
1-19 

[0267] A portion of Cul (100 mg) was placed in a 25 ml 
pear bottom flask and flushed with Ar gas for 30 minutes. Ar 
gas flow was maintained through the flask throughout the 
course of the reaction. The vessel was cooled to -78° C. prior 
to addition of dry THF (5 ml) followed by the immediate 
dropwise addition of a solution of methyllithitmi in dry THF 



(5.0 ml, 1.6 M) with vigorous stirring. A solution of Com- 
pound 1-19 in dry THF (12 mg Compound 1-19, 1 ml THF) 
was added slowly to the clear dialkylcuprate solution and the 
resulting mixture stirred at -78° C. for 1 hr. The reaction was 
quenched by washing the THF solution through a plug of 
silica gel (1 cm diameter by 2 cm length) along with flirther 
washing using a solution of 50% EtOAc/50% hexanes (50 
ml) . The combined silica plug washes were dried in vacuo and 
subjected to fiirther CI 8 HPLC purification in 2 injections 
(ACE 5n C18-HL, 150 mmx21 mm ID) using an isocratic 



us 2009/0156469 Al 



35 



Jun. 18, 2009 



solvent gradient consisting of 35% acetonitrile/65% HjO. 
Compound 1-30 eluted under these conditions at 23 .5 minutes 
and yielded 2.4 mg material (27% isolated yield) at 90.8% 
purity as measured by analytical HPLC. An alternative nor- 
mal phase purification method can be utilized using Phenom- 
enex Luna 10|i Silica column (25 cmx21.2 mm ID) with a 
solvent gradient consisting of 100% hexanes/ethyl acetate to 
0% hexanes over 20 minutes. Compound 1-30 eluted imder 
these conditions at 1 6.5 minutes and jdelded 3 .0 mg material 
(41% isolated yield) at 97.1% purity as measured by analyti- 
cal HPLC. 

[0268] Compound 1-30: UV (Acetonitrile/H^O) 225 (sh), 
ESMS, m/z 294.1 (M+H); HRMS (ESI), m/z 294.1696 
[M+11]*, A^„fc=-3.2 ppm, C16II24NO4; ^11 NMR in DMSO- 




CH3 

1-30 



[0269] Compound 1-30 can also be obtained by saline fer- 
mentation of strain CNB476. In one example, CNB476 was 
transferred to 500-mL flasks containing 100 mL production 
medium consisting of the following per liter of deionized 
water: starch, 10 g; yeast extract, 4 g; Hy-Soy, 4 g; ferric 
sulfate, 40 mg; potassium bromide, 1 00 mg; calcium carbon- 
ate, 1 g; and synthetic sea salt, 30 g. The production cultures 
were incubated at 28° C. and 250 rpm for 1 day. Approxi- 
mately 2 g of sterile Amberlite XAD-7 resin was added to the 
production cultures. The production cultures were further 
incubated for 5 days . The resin was recovered from the broth 
and extracted with ethyl acetate. The extract was dried in 
vacuo. The dried extract (8 g) was then processed for the 
recovery of Compound 1-30. 

[0270] The crude extract was processed by flash chroma- 
tography using a Biotage Flash system. The flash chromatog- 
raphy was developed by the following step gradient: i) Hex- 
anes (1 L); 1) 10% EtOAc in hexanes (1 L); li) 20% EtOAc in 
hexanes, first elution (1 L); iv) 20% EtOAc in hexanes, sec- 
ond elution (1 L); v) 20% EtOAc in hexanes, third elution (1 



L); vi) 25% EtOAc in hexanes (1 L); vl) 50% EtOAc in 
hexanes (1 L); vli) EtOAc (1 L). Fractions containing Com- 
poimd 1-30 was flirther purified by normal phase HPLC using 
an isocratic solvent system of 24% EtOAc/hexanes followed 
by a 1 00% EtOAc. Compound 1-30 eluted 22 minutes into the 
isocratic portion of the run. 

[0271] Fractions enriched in Compoimd 1-30 were further 
processed by normal phase HPLC using a 27 minute linear 
gradient from 15% hexanes/85% EtOAc to 100% EtOAc. 
Compoimd 1-30 eluted after 15 min. 

Example 24 

Synthesis of the Compound of Formulae 1-44 and 
VI-IA from 1-16 

[0272] The compound of Formula 1-16 (30 mg, 0.096 
mmol) was dissolved in CHjClj (9 ml) in a scintillation vial 
(20 ml) to which triethylamine (40 ^1, 0.29 mmol), methyl- 
3-mercapto propionate (thiol, 250 |il) and a magnetic stir bar 
were added. The reaction mixture was stirred at room tem- 
perature for about 4 hours. The solvent was evaporated from 
the reaction mixture to yield a mixture of compounds of 
Formulae 1-44 and VI-IA (19:1), which were separated by 
reversed phase HPLC using Ace 5u C 1 8 column (150 mmx22 
mm ID) with a solvent gradient of 35% to 90% HjO/Aceto- 
nitrile over 17 min, 90 to 100% Acetonitrile over 1 min, 
holding at 100% Acetonitrile for 1 min, at a flow rate of 14.5 
ml/min. Diode array detector was used to monitor the purifi- 
cation process. Compounds 1-44 (20 mg) and VI-1.\ (1 mg) 
eluted at 11.68 and 10.88 min, respectively, as pure com- 
pounds. Compound 1-44: UV (Acetonitrile/HjO) 240 
(sh) nm; ESMS m/z 434.0 (M+H)* & 456.0 (M+Na)*. Com- 
pound VI-IA: UV (Acetonitrile/H^O) X„„ 220 (sh) nm; 
ESMS, m/z 398.0 (M+H)* & 420.0 (M+Na)*. 




1-44 
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Oxidation of Secondary Hydroxyl Group in Com- 
pounds of Formulae 1-16, 1-17 and 1-18 and Reaction 
with Hydroxy or Methoxy Amines 

[0273] Any of the compounds of Formulae 1-16, 1-17 and 
1-18 can be used as the starting compound. The secondary 
hydroxyl group in the starting compound is oxidized using 
either of the following reagents: pyridinium dichromate 
(PDC), pyridinium chlorochromate (PCC), Dess-Martin 
periodinane or oxalyl chloride (Swem oxidation) (Ref: 
Organic Syntheses, collective volumes I-VII). Preferably, 
Dess-Martin periodinane can be used as a reagent for this 
reaction. (Ref: Fenteany G. et al. Science, 1 995, 268, 726-73). 
The resulting keto compound is treated with hydroxylamine 
or methoxy amine to generate oximes. 



Example 26 

Reductive Amination of Keto-Derivative 

[0275] The keto derivatives, for example Formula 1-8 and 
I- 1 3, are treated with sodium cyanoborohydride (NaBH3CN) 
in the presence of various bases to yield amine derivatives of 
the starting compounds which are subsequently hydroge- 
nated with 10% Pd/C, to reduce the double bond in the 
cyclohexene ring. 

Example 



Examples 




Dess-Martin Period 
Swem Oxidatio 



Starting Compound 
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Example 27 
Cycloliexeiie Ring Openiiiii 
[0277] Ally compound ofFonmilae I- 16. 1-17 and 1-18 can 
be used as a starting compound. The Starting Compounds can 
be protected, for example, at the alcohol and/or at the lactam 
nitrogen positions, and treated with OSO4 and NaI04 in 
THF — H2O solution to yield dial derivatives which are 
reduced to the alcohol with NaBH4. The protecting groups 
can be removed at the appropriate stage of the reaction 
sequence to produce 1-7 or 1-6. 

Example 





Startmg Compound 



Dehydration of Alcohol Followed by Aldehyde For- 
mation at Lactone-Lactam Ring Junction 

[0279] A starting compound of any of Formulae 1-16, 1-17 
or I- 1 8 is dehydrated, for example, by treatment with mesyl- 
chloride in the presence of base, or, for example, by treatment 
with Burgess reagent or other dehydrating agents. The result- 
ing dehydrated compound is treated with OSO4, followed by 
NaI04, or alternatively by ozonolysis, to yield an aldehyde 
group at the lactone-lactam ring junction. 
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[0281] As an alternate method, the starting compound, such 
as the compound of Formula 1-49, can be treated, for example 
with TMSCl to produce cyclohexadiene derivative. The 
cyclohexadiene derivative can be further treated, for example 
with DDQ, to aromatize the ring to a phenyl group. The 
OTMS on the phenyl group can be removed, for example, 
with acid or base. Similarly, the ketone can be reduced, for 
example, with sodium borohydride, to obtain the correspond- 
ing secondary alcohol(s). 
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Example 30 

Synthesis of the Compound of Fonnula 1-47 from 
1-17 

[0282] The compound of Formula 1-17 (25 mg, 0.0896 
mmol) was dissolved in CH^Cl^ (9 ml) in a scintillation vial 
(20 ml) to which triethylamine (38 |xl, 0.27 mmol), methyl- 
3-mercapto propionate (thiol, 250 |xl) and a magnetic stir bar 
were added. The reaction mixture was stirred at room tem- 
perature for about 4 hours. The solvent was evaporated from 
the reaction mixture to yield the compound of Formulae 1-47, 
which was further purified by normal phase HPLC using 
Phenomenex Luna lOu Silica column (25 cmx21.2 mm ID) 
with a solvent gradient of 10% to 100% Hexane/EtOAc over 
24 mm, holding at 100% EtOAc for 3 min, at a flow rate of 
14.5 ml/min. ELSD was used to monitor the purification 
process. Compound 1-47 (15 mg) eluted at 10.98 min as pure 



compound. Compound 1-47: UV (Acetonitrile/HjO) 
240 (sh) nm; ESMS m/z 400.1 (M+H)* & 422.1 (M+Na)*. 




1-17 
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-continued 




M7 



Example 31 



Synthesis of the Compomid of Formulae 1-48 and 

VI- IB from 1-16 



[0283] The compound of Formula 1-16 (15 mg, 0.048 
mmol) was dissolved in 1 :1 ratio of ACN/DMSO (8 ml) in a 
scintillation vial (20 ml) to which triethylamine (40 ^1, 0.29 
mmol), Glutathione (44.2 mg, 0.144 mmol) and a magnetic 
stir bar were added. The reaction mixture was stirred at room 
temperature for about 3 hours. The solvent was evaporated 
from the reaction mixture to yield the compound of Formula 
1-48, which was purified by reversed phase HPLC using Ace 
5u CI 8 column (1 50 mmx22 mm ID) with a solvent gradient 
of 10% to 70% H^O/Acetonitrile over 15 min, 70 to 100% 
Acetonitrile over 5 min, holding at 100% Acetonitrile for 4 
min, at a flow rate of 14.5 ml/min. Diode array detector was 
used to monitor the purification process. Compound 1-48 (10 
mg) eluted as a pure compound at 8.255 min. Compound 1-48: 
UV (Acetonitrile/H20) X„„ 235 (sh) nm; ESMS m/z 621.0 
(M+H)*. Compound 1-48 was unstable in solution and con- 
verted to compound VI-IB which appeared as a mixture of 
1-48 and VI-IB in the ratio of 7:3. Compound VI-IB: UV 
(Acetonitrile/HjO) 235 (sh) nm; ESMS, m/z 585.2 
(M+H)*. 




ci 



11-16 



-continued 




XOOH 

I-49A^I-1B 



Example 32 

Synthesis of the Compound of Formula 1-50 and 
VI-IC from 1-16 

[0284] The compound of Formula 1-16 (10 mg, 0.032 
mmol) was dissolved in CH^Cl^ (9 ml) in scintillation vial (20 
ml) to which triethylamine (26.5 ^1, 0.192 mmol), N-Acetyl- 
L-Cysteine methyl ester (17 mg, 0.096 mmol) and a magnetic 
stir bar were added . The reaction mixture was stirred at room 
temperature for about 4 hours. The solvent was evaporated 
fi-om the reaction mixture to yield the mixture of compounds 
of Formulae 1-50 and VI-IC, which were fijrther purified by 
normal phase HPLC using Phenomenex Luna 1 Ou Silica col- 
umn (25 cmx21 .2 mm ID) with a solvent gradient of 10% to 
100% Hexane/EtOAc over 24 min, holding at 100% EtOAc 
for 3 min. at a flow rate of 14.5 ml/min. ELSD was used to 
monitor thepurification process. Compounds 1-50 (2 mg) and 
VI-IC (0.2 mg) were eluted at 10.39 and 10.57 min, respec- 
tively as pure compoimds. Compound 1-50: UV (Acetonitrile/ 
H2O) 230 (sh) nm; ESMS m/z 491.1 (M+H)* & 513.0 
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(M+Na)*. Compound VI-IC: UV (Acetonitrile/HzO) X„„ 
215 (sh) nm; ESMS m/z 455.1 (M+H)* & 577.0 (M+Na)* 




Cl 

1-50 




VI-IC 



Example 33 

Formulation to be Administered Orally or the Like 

[0285] A mixture obtained by thoroughly blending 1 g of a 
compound obtained and purified by the method of the 
embodiment, 98 g of lactose and 1 g of hydroxypropyl cellu- 
lose is formed into granules by any conventional method. The 
granules are thoroughly dried and sifted to obtain a granule 
preparation suitable for packaging in bottles or by heat seal- 
ing. The resultant granule preparations are orally adminis- 
tered at between approximately 1 00 ml/day to approximately 
1000 ml/day, depending on the symptoms, as deemed appro- 
priate by those of ordinary skill in the art of treating cancerous 
tumors in humans. 



Example 34 

Salinosporamide a Inhibits DNA Synthesis and 
Induces Cytotoxicity of WM Cells 

[0286] WM and IgM-secreting cell lines were cultured for 
48 hours in the presence of salinosporamide A (Formula 1-16) 
(2.5-40 nM). As shown in FIG. lA, salinosporamide A inhib- 
ited BCWM. 1 proliferation, as measured by [^H]-thymidine 
uptake assay, with an ICjq of 15 nM. salinosporamide A 
demonstrated similar activity on all cell lines tested, with IC50 
between 20 and 30 nM at 48 hours (FIG. IB). 
[0287] The cytotoxic effect of salinosporamide A (2.5-40 
nM) on cell lines and WM patient cells by MTT assay was 
studied, salinosporamide A decreased survival of DCWM. 1 
cells (IC50, 18 nM; FIG. lA) and other IgM-secreting cell 
lines (ICso 30-40 nM; FIG. IC). Similarly, salinosporamide A 
induced cytotoxicity in primary CD19* cells isolated from 
three patients with WM (IC50 20-30 nM; FIG. ID). In con- 
trast, salinosporamide A had no cytotoxic effect on PBMCs 
from 3 heahhy volunteers (data not shown). These results 
demonstrate that salinosporamide A triggers significant cyto- 
toxicit}' in tumor cell lines and patient WM cells, without 
toxicity in normal PBMCs. 

Example 35 

Salinosporamide a Induces Apoptosis in WM Cells 

[0288] The molecular mechanisms whereby salinospora- 
mide A induces cytotoxicity in WM cells was examined. The 
results demonstrate that salinosporamide A induced dose- 
dependent apoptosis, as evidenced by Apo2.7 staining in flow 
cytometry analysis. The percentage of apoptotic BCWM.l 
cells increased from 5% (untreated) to 21.2% and 40% after 
48 hours of treatment with salinosporamide A 5 nM and 20 
nM respectively (FIG. IE). Similar data were obtained on 
other IgM secreting cell lines (data not shown). 
[0289] Mechanisms whereby salinosporamide A induces 
apoptosis in WM was determined, and it was demonstrated 
that salinosporamide A induced caspase-8 and PAR? cleav- 
age in a dose-dependent maimer (FIG. IF), without affecting 
caspase-3 and -9 (data not shown). Moreover salinospora- 
mide A induced down-modulation of the anti-apoptotic pro- 
tein Mcl- 1 , with an increased release of the second mitochon- 
dria-derived activator of caspases (Smac/DIABLO) from the 
mitochondria 10 the cytosol (FIG. IF). It has been reported 
that SmacDIABL C) can abrogate the protective effects of 
inhibitors of apoptosis proteins (lAPs), such as X-linked 
inhibitor of apoptosis (XIAP).-*^ Therefore, BCWM.l cells 
were treated with salinosporamide A (2.5-20 Nm) for 12 
hours and demonstrated that salinosporamide A down-regu- 
lated the expression of XIAP in a dose-dependent manner, 
accompanied by an inhibition of other I APs members, such as 
c-IAP and survivin (FIG. IF). 

Example 36 

Salinosporamide A and Bortezomib Synergistically 
Induce Cytotoxicity of WM Cells 

[0290] Two proteasome inhibitors, salinosporamide A and 
bortezomib, were investigated to determine whether the com- 
bination could be synergistic in inducing cytotoxicity in WM 
cells. BCWM.l cells were cultured with salinosporamide A 
(2.5-10 nM) for 48 hours, in the presence or absence of 
bortezomib (5-10 nM). salinosporamide A showed a signifi- 
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cant cytotoxic effect when combined with bortezomib in 
BCWM. 1 cells, as demonstrated using MTT assay at 48 hours 
(FIG. 2A). salinosporamide A (5 nM) induced cytotoxicity in 
12.4% of BCWM. 1 cells, which was increased to 39.8% and 
69.4% in the presence of bortezomib at 5 nM (Combination 
Index, CI: 0.72) and lOnM (CI: 0.6), respectively, indicating 
synergism. Isobologram analysis, fractions affected and the 
combination indexes for each of these combinations are sum- 
marized in FIG. 2B-C. Similar data were observed on IgM 
secreting cell lines and primary CD19* cells (datanot shown). 
[0291] To better define the mechanisms of salinosporamide 
A/bortezomib-induced cytotoxicity, the effect of salinospora- 
mide A (10 nM), either alone or in combination with bort- 
ezomib lOnM, onBCWM.l cells using immunoblottingaftcr 
1 2 hours treatment was investigated. It was demonstrated that 
PARP cleavage was significantly higher using the combina- 
tion compared to the effect of each agent alone. To further 
dissect whether apoptosis is mediated through the intrinsic or 
extrinsic pathways, the effect of salinosporamide A, bort- 
ezomib and the combination on caspases-3, 8 and 9 was 
investigated. As shown in FIG. 2D, it was demonstrated that 
single agent salinosporamide A induced mild capsase-8 
cleavage witliout affecting caspase-3 and 9 cleavage, while 
bortezomib induced -9 and -3 cleavage, while the combina- 
tion of salinosporamide A and bortezomib induced significant 
caspase-3, -8 and -9 cleavage. 

[0292] In addition, the effect of bortezomib and salino- 
sporamide A on Smac and XIAP was investigated and as 
shown in FIG. 2D, it was demonstrated that the combination 

of the two proteasome inhibitors induced higher release of 
Smiic/DI.\BI,0 and a significant decrease of XIAP, more 
than the effect of each agent alone. Similarly, it was demon- 
strated that the lAP member, c-IAP was strongly downregu- 
lated by the combination versus single agent treatment (FIG. 
2D). In addition, it was shown that salinosporamide A down- 
regulates HSP-27 phosphorylation which in turn leads to 
increase in the release of Smac/DIABLO from the mitochon- 
dria and the induction of caspase-9 cleavage. In parallel it was 
shown that an upregulation of HSP70, while HSP-90 expres- 
sion was not modulated (FIG. 2D). 

Example 37 

Salinosporamide A and Bortezomib Synergistically 
Inliibit NF-kB Activation in WM Cells 

[0293] The effect of salinosporamide A either alone or in 
combination with bortezomib on the NF-KBp65 DNA bind- 
ing activity was investigated, studying nuclear extracts fi-om 
treated cells using the Active Motif assay. It was shown that 
TNF-a treatment induced NF-kB recruitment to the nucleus 
in BCWM.l cells, which was inhibited by salinosporamide A 
more than bortezomib, and more significantly by the combi- 
nation of the two proteasome inhibitors (FIG. 3A). In addi- 
tion, immunoblotting from nuclear extracts demonstrated 
that p65 phosphorylation and p50NF-KB expression were 
inhibited by salinosporamide A, either alone or in combina- 
tion with bortezomib, more than bortezomib used as single 
agent (FIG. 3B). Phospho-p65 translocation from the cyto- 
plasmic compartment to the nucleus was inhibited by the 
combination of bortezomib and salinosporamide A, resulting 
in a significant increase in p-p65 expression in the cytoplas- 
mic compartment as shown by irmmmofluorescence (FIG. 
3D). Irmmmoblotting from nuclear extracts showed that two 
proteasome inhibitors used in combination inhibited the 



expression of p52 and RelB, which are mostly activated 
through the non-canonical pathway (FIG. 3B).^** Moreover, 
each agent alone, and more significantly their combination 
up-regulated the phosphorylation of the inliibitor protein IkB, 
as shown in FIG. 3C. Taken together, these data demonstrate 
that the combination of the two proteasome inhibitors regu- 
late both canonical and non-canonical pathways of NF-kB in 
WM. 

Example 38 

Salinosporamide A and Bortezomib Synergistically 
Inhibit PI3K/ATK Pathway in WM Cells 
[0294] Whether salinosporamide A could affect PI3K/Akt 
signaling pathway in WM cells was investigated. BCWM.l 
cells were treated with increasing doses of salinosporamide A 
(2.5-20 nM) for 6 hours. As shown in FIG. 4A, salinospora- 
mide A inhibited phosphorylation of Akt (ser473), and down- 
stream GSKS^^/p and ribosomal protein S6 in a dose depen- 
dent manner, with no activity on the phosphorylation of the 
M-\P kinase ERKl/2 (thr202/tyr204). The effect of salino- 
sporamide A (10 nM), alone or combined with bortezDmib 
( 1 0 nM), on Akt kinase activity, using an in vitro Akt kinase 
assay was then investigated. It was shown that salinospora- 
mide A decreased phosphorylation of GSK3a/|3 fusion pro- 
tein, while bortezomib did not modulate Akt phosphoryla- 
tion. The combination of salinosporamide A and bortezomib 
showed significant inhibition of Akt activity, indicating a 
possible mechanism of synergy where salinosporamide A 
overcomes Akt-dependent bortezomib resistance (FIG. 4B). 
To further validate the role of the Akt pathway in salinospora- 
mide A-dependent cytotoxicity, an Akt knockdown BCWM. 1 
cell line established using lentivirus infection was used and it 
was demonstrated that in the absence of Akt, the cytotoxic 
effect of salinosporamide A was abrogated (FIG. 4C), indi- 
cating that Akt plays an essential role in the cytotoxic activity 
of salinosporamide A and that this could be an important 
differential effect between the two proteasome inhibitors and 
a mechanism of synergy between them in WM. 

Example 39 

Salinosporamide A Inhibits the Three Proteolytic 
Activities within the 20S Proteasome 

[0295] Cells were treated with salinosporamide A (10 nM) 
either alone or in combination with bortezomib (10 nm), for 4 
hours, and the chymotrypsin-like (CT-L), caspase-like (CL) 
and trypsin-like (T-L) activities were measured using distinct 
fluorogenic peptides specific for each enzymatic activity.^^ 
As shown in FIG. 4D, bortezomib induced 29%, 5% and 69% 
reduction of the C-L, T-L and CT-L activities, respectively; 
compared to salinosporamide A which induced 34.3%, 
38.7% and 81 % reduction of the C-L, T-L and CT-L activities, 
respectively. Interestingly, the inliibition of the C-L activity 
significantly increased to 60% when salinosporamide A and 
bortezomib were used in combination (FIG. 4D). Similar data 
were obtained on CD19* primary cells (FIG. 4Ei-Ii). 

Example 40 

The Combination of Salinosporamide A and Bort- 
ezomib Overcomes Resistance Induced by the Bone 
Marrow Microenviromnent and IL-6 
[0296] Whether salinosporamide A, alone or in combina- 
tion with bortezomib, inhibits WM cells growth in the context 
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of the BM milieu was investigated. BCWM.l cells were 
cultured with salinosporamide A (2.5-20 nM) aud/or bort- 
ezomib (10 nM) in the presence or absence of BMSCs, for 48 
hours. The viability of BMSCs, assessed by MTT was not 
affected by salinosporamide A treatment (data not shown'). 
Using [^H]-TdR uptake assay, adherence of BCWM. 1 cells to 
BMSCs triggered an increase of 55% in proliferation, which 
was iiiliibited by salinosporamide A in a dose-depciidciil 
manner. This effect was significantly enhanced by the com- 
bination with bortezomib (FIG. 5A), confirming that the com- 
bination of the two proteasome inhibitors enhanced the anti- 
tumor activity of each drug used as a single agent. e\ en in 
presence of BMSCs. 

[0297] The effect of the two proteasome inliibitors on c\ lo- 
toxicity of WM cells in the presence of IL-6 was also inves- 
tigated. Whether the addition of recombinant IL-6 (25 
ng/mL) can overcome the cjrtotoxic effect of salinosporamide 
A and bortezomib on WM cells was tested. As shown in FIG. 
5B, IL-6 induced proliferation of BCWM.l cell, and the 
addition of salinosporamide A (2.5-20 nM), bortezomib ( 1 0 
nM), or the combination inhibited IL-6-inducedprolilbration 
of BCWM. 1 cells, indicating that salinosporamide A, alone or 
more significantly in combination with bortezomib, over- 
comes resistance induced by lL-6. In addition, lL-6 induced 
phosphorylation of .'Uct and STAT-3. salinosporamide A and 
bortezomib inliibited lL-6-triggered Akt and STAT-3 phos- 
phorylation, which were more significantly down-regulated 
with the combination of salinosporamide A and bortezomib 
(ITCi. 5C). Whether the two proteasome inhibitors, used as 
single agent or in combination, could also target non-malig- 
nanl henialopoielic cells was investigated, li was found that 
salinosporamide .\ (10 nM, 20 nM), bortezomib (10nM)and 
the combination did not affect the growth of BM hematopoi- 
etic progenitor cells as shown using colony-formation assay 
(FIG. 5D). 

Example 41 

Salinosporamide A and Bortezomib Inhibit Migra- 
tion and Adhesion of WM Cells In Vitro and Homing 

In Vivo 

[0298] It was demonstrated that stromal derived factor- 1 
(SDF-1), one of the important regulators of migration in 
B-cells, induced migration in BCWM.l cells at 30 nM SDF- 
1 . To study the effect of salinosporamide A on the migration 
of WM cells, BCWM.l cells were incubated with salino- 
sporamide A (10 nM), either alone or in combination with 
bortezomib (10 nM), for 4 hours (these doses and duration of 
incubation did not induce apoptosis in WM cells as confirmed 
by trypan blue and Apo2.7 staining by flow cytometry, data 
not shown). Cells were then subjected to migration as previ- 
ously described in Alsayed Y, Ngo H, Runnels J., et al. 
Mechanisms of regulation of CXCR4/SDF-1 (CXCL12)-de- 
pendent migration and homing in multiple myeloma. Blood. 
2007; 109:2708-2717, which is incorporated by reference in 
its entirety, salinosporamide A slightly inhibited WM cells 
migration towards SDF-1, which was significantly inhibited 
when salinosporamide A was used in combination with bort- 
ezomib. In combination with bortezomib induced significant 
inhibition of BCWM.l cells migration (FIG. 6A). 
[0299] salinosporamide A induced significant inhibition of 
adhesion to fibronectin when used in combination with bort- 
ezomib (FIG. 6B). Therefore, the effect of salinosporamide A 
and bortezomib on NF-kB activity in the presence or absence 



of fibronectin was examined. As shown in FIG. 6C, FN 
induced a significant increase in p65 phosphorylation and 
p50NF-KB expression, which were inhibited by salinospora- 
mide A, bortezomib, and more significantly by the two drugs 
in combination. 

[0300] Dl-labeled BCWM.l cells treated with salinospora- 
mide A (10 nM, 4 hours), alone or in combination with bort- 
ezomib (5 nM), or DiR-labeled untreated BCWM. 1 cells used 
as control were injected in the tail vein of BALB/c mice, 
followed by in vivo flow cytometry every 5 minutes for 45 
minutes after injection. Neither salinosporamide A nor bort- 
e/omib used as single agents significantly inhibited homing 
of WM cells to the bone marrow, as demonstrated by a rapid 
decrease of circulating BCWM. 1 cells which was observed in 
the untreated cells as well as on cells treated with salinospora- 
mide A or bortezomib (data not shown). It was demonstrated 
that pretreatment of BCWM.l with salinosporamide A in 
combination with bortezomib resulted in a significant inhibi- 
tion of homing with a decrease of 45% of cells in the circu- 
lation at 45 minutes compared to a decreased of 77% obtained 
in the untreated cells, suggesting that when the two protea- 
some inhibitors were used together there is an inhibition in the 
homing of WM cells to the bone marrow (FIG. 5D). 
[0301] The examples described above are set forth solely to 
assist in the understanding of the embodiments. Thus, those 
skilled in the art will appreciate that the methods may provide 
derivatives of compounds. 

[0302] One skilled in the art would readily appreciate that 
the present invention is well adapted to carry out the objects 
and obtain the ends and advantages mentioned, as well as 
those inherent therein. The methods and procedures 
described herein are presently representative of preferred 
embodiments and are exemplary and are not intended as 
limitations on the scope of the invention. Changes therein and 
other uses will occur to those skilled in the art wliich are 
encompassed within the spirit of the invention. 
[0303] It will be readily apparent to one skilled in the art 
that varying substitutions and modifications can be made to 
the embodiments disclosed herein without departing from the 
scope and spirit of the invention. 

[0304] All patents and publications mentioned in the speci- 
fication are indicative of tiie levels of those skilled in the art to 
which the invention pertains. All patents and publications are 
herein incorporated by reference to the same extent as if each 
individual publication was specifically and individually indi- 
cated to be incorporated by reference. 
[0305] The invention illustratively described herein suit- 
ably can be practiced in the absence of any element or ele- 
ments, limitation or limitations which is not specifically dis- 
closed herein. The terms and expressions which have been 
employed are used as terms of description and not of limita- 
tion, and there is no intention that in the use of such terms and 
expressions indicates the exclusion of equivalents of the fea- 
tures shown and described or portions thereof. It is recog- 
nized that various modifications are possible within the scope 
of the invention. Thus, it should be understood that although 
the present invention has been specifically disclosed by pre- 
ferred embodiments and optional features, modification and 
variation of the concepts herein disclosed can be resorted to 
by those skilled in the art, and that such modifications and 
variations are considered to be falling within the scope of the 
embodiments of the invention. 
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What is claimed is: 

1. A method of treating Waldenstrom's Macroglobulme- 
mia comprising administering to an animal a compound ha\ - 
ing the structure of Formula I, or a pharmaceutically accept- 
able salt or pro-drug ester thereof: 




wherein Rj, R3, and R4 are separately selected from the 
group consisting of a hydrogen, a halogen, a mono- 
substituted, a poly-substituted or an unsubstituted vari- 
ant of the following residues: saturated C1-C24 alkyl, 
unsaturated C2-C24 alkenyl or C2-C24 alkynyl, acyl, acy- 
loxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, het- 
eroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, 
amino, aminocarbonyl, aminocarboyloxy, nitro, azido, 
phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, cyano, ihio, sulloxide, sulfone, 
sulfonate esters, thiocyano, boronic acids and esters, and 
halogenated alkyl including polyhalogenated alkyl; 

wherein m is equal to 1 or 2; 

wherein n is equal to 1 or 2; 

wherein each of E^, Ej, E3 and E4 is a substituted or unsub- 
stituted heteroatom; and 

wherein E5 is selected from the group consisting of OH, O, 
ORio, S, SRii, SOjRn, NH, NHj, NOH, NHOH, NR12, 
andNHORi3. 

2. The method of claim 1, wherein R10.13 are selected fiom 
the group consisting of hydrogen and a substituted or unsub- 
stituted variant of any of the following: C1.24 alkyl, aryl, and 
heteroaryl. 

3. The method of claim 1, wherein the animal is a mammal. 

4. The method of claim 1, wherein the animal is a human. 

5. The method of claim 1, wherein the animal is a rodent. 

6. The method of claim 1, further comprising co-adminis- 
tering a chemotherapeutic agent. 

7. The method of claim 6, wherein the chemotherapeutic 
agent is selected from the group consisting of Adriamycin, 
Doxorubicin, 5-Fluorouracil, Cytosine arabinosidc ("Ara- 
C"), Cyclophosphamide, Thiotepa, Busulfan, Cylox;in, 
Taxol, Taxotere, Methotrexate, Cisplatin, Melphalan, Vin- 
blastine, Bleomycin, Etoposide, Ifosfamide, Mitomycin C, 
Mitoxantrone, Wcrdstine, \^orelbine, Carboplatin, Teni- 
poside, Daunomycin, Caminomycin, Aminopterin, Dactino- 
mycin. Mitomycins, Esperamicins, Melphalan, tamoxifen 
and onapristone. 

8. The method of claim 6, wherein the chemotherapeutic 
agent is a proteasome inhibitor. 

9. The method of claim 8, wherein the proteasome inhibitor 
is bortezomib. 

10. The method of claim 8, wherein the proteasome inhibi- 
tor is carfilzomib. 

11. The method of claim 6, wherein the chemotherapeutic 
agent is a histone deacetylase inhibitor. 



1 2 . The method of claim 1 1 , wherein the compound having 
the structure of Formula I and the histone deacetylase inhibi- 
tor work in a synergistic manner to treat Waldenstrom's Mac- 
roglobulinemia. 

13. The method of claim 11, wherein the histone deacety- 
lase inhibitor is selected from the group consisting of 
MS-275, APHA compound 8, Apicidin, (-)-Depudecin, 
sodium butyrate, Scriptaid, Sirtinol, Trichostatin A, Valproic 
acid (\TA) and Votinostat (suberoylanilide hydroxamic acid 
(SAHA)). 

14. The method of claim 6, wherein the chemotherapeutic 
agent is a vascular disrupting agent. 

15. The method of claim 14, wherein the vascular disrupt- 
ing agent is NPI-2358. 

16. The method of claim 14, wherein the vascular disrupt- 
ing agent is combtatostatin CA4R 

17. A method of treating Waldenstrom's Macroglobuline- 
mia comprising administering to an animal a compound hav- 
ing the structure of Formula 1-15, or a pharmaceutically 
acceptable salt or pro-drug ester thereof: 




Rs 



wherein Rg is hydrogen, fluorine, chlorine, bromine or 
iodine. 

18. The method of claim 17, wherein the compound is: 




19. The method of claim 17, wherein the animal is a mam- 

2 0 . The method of claim 17, wherein the animal is a human. 

21 . The method of claim 17, wherein the animal is a rodent. 

22. The method of claim 17, further comprising co-admin- 
istering a chemotherapeutic agent. 

23 . The method of claim 22, wherein the chemotherapeutic 
agent is selected from the group consisting of Adriamycin, 
Doxorubicin, 5-Fluorouracil, Cytosine arabinoside ("Ara- 
C"), Cyclophosphamide, Thiotepa, Busulfan, Cytoxin, 
Taxol, Toxotere, Methotrexate, Cisplatin, Melphalan, Vin- 
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blastine, Bleomycin, Etoposide, Ifosfamide, Mitomycin C, 
Mitoxantrone, Vmcreistine, Vinorelbine, Carboplatin, Teni- 
poside, Daunomycin, Caminomycin, Aminopterin, Dactino- 
mycin, Mitomycins, Esperamicins, Melphalan, tamoxifen 
and onapristone. 

24. The method of claim 22, wherein the chemotherapeutic 
agent is a proteasome inhibitor. 

25. The method of claim 24, wherein the proteasome 
mmoitor is bortezomib. 

26. The method of claim 24, wherein the proteasome 
mhibiior is carfilzomib. 

27. The method of claim 22, wherein the chemotherapeutic 
agent is a histone deacetylase inhibitor. 

28 . The method of claim 27, wherein the compound having 
the structure of Formula I and the histone deacetylase inhibi- 
tor work in a synergistic manner to treat Waldenstrom's Mac- 
roglobulinemia. 

29. The method of claim 27, wherein the histone deacety- 
lase inhibitor is selected from the group consisting of 
MS-275, APHA compound 8, Apicidin, (-)-Depudecin, 
sodium butyrate, Scriptaid, Sirtinol, Tricliostatin A, Valproic 
acid (VPA) and Vorinostat (suberoylaiiilide hydroxamic acid 
(SAHA)). 

30. The method of claim 22, wherein the chemotherapeutic 
agent is a vascular disrupting agent. 

31. The method of claim 30, wherein the vascular disrupt- 
ing agent is NPI-2358. 

32. The method of claim 30, wherein the vascular disrupt- 
ing agent is combratostatin C A4P. 

33. A method ol' inhibiting the growth of a Waldenstrom's 
Macroglobulinemia cell comprising contacting the cell with a 
compound having the structure of Formula I, or a pharmaceu- 
tically acceptable salt or pro-drug ester thereof: 




wherein Rg is hydrogen, fluorine, chlorine, bromine or 
iodine. 

35. The method of claim 34, wherein the compound is: 




Foimula I 




wherem R^, R,, and R^ are separately selected from the 
group consistmg of a hydrogen, a halogen, a mono- 
substituted, a poly-substituted or an unsubstituted vari- 
ant of the following residues: saturated C1-C24 alkyl, 
unsaturated C2-C24 alkenylorC2-C24alk\'nyl. acyl. acy- 
loxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, het- 
eroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, 
amino, aminocarbonyl, aminocarboyloxy, nitro, azido, 
phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone, 
sulfonate esters, thiocyano, boronic acids and esters, and 
halogenated alkyl including polyhalogenated alkyl; 

wherein m is equal to 1 or 2; 

wherein n is equal to 1 or 2; 

wherein each of Ej, E2, E3 and E4 is a substituted or unsub- 
stituted heteroatom; and 

wherein E5 is selected from the group consisting of OH, O, 
ORio, S, SRi i , SO2R1 1 , NH, NH2, NOH, NHOH, NRj^, 
andNHORi3. 

34. A method of inhibiting the growth of a Waldenstrom's 
Macroglobulinemia cell comprising contacting the cell with a 
compound having the structure of Formula 1-15, or a phar- 
maceutically acceptable salt or pro-drug ester thereof: 



36. A method of inducing apoptosis of a Waldenstrom's 
Macroglobulinemia cell comprising contacting the cell with a 
compound having the structure of Formula I, and a pharma- 
ceutically acceptable salt or pro-drug ester thereof: 



Formula I 




wherein R^, R3, and R4 are separately selected from the 
group consisting of a hydrogen, a halogen, a mono- 
substituted, a poly-substituted or an unsubstituted vari- 
ant of the following residues: saturated C1-C24 alkyl, 
unsaturated C2-C24alkenyl orC2-C24 alkynyl, acyl, acy- 
loxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, het- 
eroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, 
amino, aminocarbonyl, aminocarboyloxy, nitro, azido, 
phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone, 
sulfonate esters, tliiocyano, boronic acids and esters, and 
halogenated alkyl including polyhalogenated alkyl; 

wherein m is equal to 1 or 2; 

wherein n is equal to 1 or 2; 

wherein each of El, E2, E3 and E4 is a substituted or unsub- 
stituted heteroatom; and 

wherein E5 is selected from the group consisting of OH, O, 
ORio, S, SRii, SO2R11, NH, NH2, NOH, NHOH, NR12, 
andNHORi3; 
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37. A method of inducing apoptosis of a Waldenstrom's 
Macroglobuliaemia cell comprising contacting the cell with a 
compoimd having the structure of Formula 1-15 and a phar- 
maceutically acceptable sah or pro-drug ester thereof: 




wherein Rg is hydrogen, fluorine, chlorine, bromine or 
38. The method of claim 37, wherein the compound is: 
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A METHOD OF USING PROTEASOME INHIBITORS IN COMBINATION WITH HISTONE 
DEACETYLASE INHIBITORS TO TREAT CANCER 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to certain compounds and to methods for the 
preparation and the use of certain compounds in the fields of chemistry and medicine. 

Description of the Related Art 

[0002] Cancer is a leading cause of death in the United States. Despite significant 
efforts to find new approaches for treating cancer, the primary treatment options remain 
surgery, chemotherapy and radiation therapy, either alone or in combination. Surgery and 
radiation therapy, however, are generally useful only for fairly defined types of cancer, and 
are of limited use for treating patients with disseminated disease. Chemotherapy is the 
method that is generally useful in treating patients with metastatic cancer or diffuse cancers 
such as leukemias. Although chemotherapy can provide a therapeutic benefit, it often fails to 
result in cure of the disease due to the patient's cancer cells becoming resistant to the 
chemotherapeutic agent. Due, in part, to the likelihood of cancer cells becoming resistant to 
a chemotherapeutic agent, such agents are commonly used in combination to treat patients. 

[0003] Similarly, infectious diseases caused, for example, by bacteria, fiangi and 
protozoa are becoming increasingly difficult to treat and cure. For example, more and more 
bacteria, fiangi and protozoa are developing resistance to current antibiotics and 
chemotherapeutic agents. Examples of such microbes include Bacillus, Leishmania, 
Plasmodium and Trypanosoma. 

[0004] Furthermore, a growing number of diseases and medical conditions are 
classified as inflammatory diseases. Such diseases include conditions such as asthma to 
cardiovascular diseases. These diseases continue to affect larger and larger numbers of 
people worldwide despite new therapies and medical advances. 

[0005] Therefore, a need exists for additional chemotherapeutics, anti-microbial 
agents, and anti-inflammatory agents to treat cancer, inflammatory diseases and infectious 
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disease. A continuing effort is being made by individual investigators, academia and 
companies to identify new, potentially useful chemotherapeutic and anti-microbial agents. 

[0006] Marine-derived natural products are a rich source of potential new anti- 
cancer agents and anti-microbial agents. The oceans are massively complex and house a 
diverse assemblage of microbes that occur in environments of extreme variations in pressure, 
salinity, and temperature. Marine microorganisms have therefore developed unique 
metabolic and physiological capabilities that not only ensure survival in extreme and varied 
habitats, but also offer the potential to produce metabolites that would not be observed from 
terrestrial microorganisms (Okami, Y. 1993 J Mar Biotechnol 1:59). Representative 
structural classes of such metabolites include terpenes, peptides, polyketides, and compounds 
with mixed biosynthetic origins. Many of these molecules have demonstrable anti-tumor, 
anti-bacterial, anti-fungal, anti-inflammatory or immunosuppressive activities (Bull, A.T. et 
al. 2000 Microbiol Mol Biol Rev 64:573; Cragg, G.M. & D.J. Newman 2002 Trends 
Pharmacol Sci 23:404; Kerr, R.G. & S.S. Kerr 1999 Exp Opin Ther Patents 9: 1207; Moore, 
B.S 1999 Nat Prod Rep 16:653; Faulkner, D.J. 2001 Nat Prod Rep 18:1; Mayer, A. M. & 
V.K. Lehmann 2001 Anticancer Res 21:2489), validating the utility of this source for 
isolating invaluable therapeutic agents. Further, the isolation of novel anti-cancer and anti- 
microbial agents that represent alternative mechanistic classes to those currently on the 
market will help to address resistance concerns, including any mechanism-based resistance 
that may have been engineered into pathogens for bioterrorism purposes. 

Summary of the Invention 

[0007] The embodiments disclosed herein generally relate to chemical 
compounds, including heterocyclic compounds and analogs thereof Some embodiments are 
directed to the use of compounds as proteasome inhibitors. 

[0008] In other embodiments, the compounds are used to treat neoplastic diseases, 
for example, to inhibit the growth of tumors, cancers and other neoplastic tissues. The 
methods of treatment disclosed herein can be employed with any patient suspected of 
carrying tumorous growths, cancers, or other neoplastic growths, either benign or malignant 
("tumor" or "tumors" as used herein encompasses tumors, cancers, disseminated neoplastic 
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cells and localized neoplastic growths). Examples of such growths include but are not 
limited to breast cancers; hematologic malignancies including lymphomas, such as Hodgkin's 
lymphoma and non-hodgkin's lymphoma, leukemias, and multiple myelomas; osteosarcomas, 
angiosarcomas, fibrosarcomas and other sarcomas; leukemias; sinus tumors; ovarian, uretal, 
bladder, prostate and other genitourinary cancers; colon, esophageal and stomach cancers and 
other gastrointestinal cancers; rectal cancers; lung cancers (such as large cell carcinoma, 
small cell carcinoma, large cell carcinoma, squamous cell carcinoma, adenocarcinoma, and 
bronchioloalveolar carcinoma); lymphomas; myelomas; teratomas; pancreatic cancers; liver 
cancers; kidney cancers; endocrine cancers; skin cancers; eye cancers; cervical cancers; anal 
carcinomas; hepatocellular carcinomas; laryngeal cancers; renal cell carcinomas; testicular 
cancers; thyroid cancers; osteosarcomas; chondrosarcomsa; Kaposi's sarcoma; 
rhabdomyosarcomas; melanomas; angiomas; and brain or central nervous system (CNS; 
glioma) cancers, hi general, the tumor or growth to be treated can be any tumor or cancer, 
primary or secondary. Certain embodiments relate to methods of treating neoplastic diseases 
in animals. The method can include, for example, administering an effective amount of a 
compound to a patient in need thereof Other embodiments relate to the use of compounds in 
the manufacture of a pharmaceutical or medicament for the treatment of a neoplastic disease. 

[0009] The compounds can be administered or used in combination with 
treatments such as chemotherapy, radiation, and biologic therapies. In some embodiments 
the compounds can be administered or used with a chemotherapeutic agent. Examples of 
such chemotherapeutics include Alkaloids, alkylating agents, antibiotics, antimetabolites, 
enzymes, hormones, platinum compounds, immunotherapeutics (antibodies, T-cells, 
epitopes), BRMs, and the like. Examples include. Vincristine, Vinblastine, Vindesine, 
Paclitaxel (Taxol), Docetaxel, topoisomerase inhibibitors epipodophyllotoxins (Etoposide 
(VP- 16), Teniposide (VM-26)), Camptothecin, nitrogen mustards (cyclophosphamide), 
Nitrosoureas, Carmustine, lomustine, dacarbazine, hydroxymethylmelamine, thiotepa and 
mitocycin C, Dactinomycin (Actinomycin D), anthracycline antibiotics (Daunorubicin, 
Daunomycin, Cerubidine), Doxorubicin (Adriamycin), Idarubicin (Tdamycin), 
Anthracenediones (Mitoxantrone), Bleomycin (Blenoxane), Plicamycin (Mithramycin, 
Antifolates (Methotrexate (Folex, Mexate)), purine antimetabolites (6-mercaptopurine (6- 
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MP, Purinethol) and 6- thioguanine (6-TG). The two major anticancer drugs in this category 
are 6-mercaptopurine and 6-thioguanine, Chlorodeoxyadenosine and Pentostatin, Pentostatin 
(2'-deoxycoformycin), pyrimidine antagonists, Avastin, Leucovorin, Oxaliplatin, 
fluoropyrimidines (5-fluorouracil(Adrucil), 5-fluorodeoxyuridine (FdUrd) (Floxuridine)), 
Cytosine Arabinoside (Cytosar, ara-C), Fludarabine, Hydroxyurea, glucocorticoids, 
antiestrogens, tamoxifen, nonsteroidal antiandrogens, flutamide, aromatase inhibitors 
Anastrozole(Arimidex), Cisplatin, 6-Mercaptopurine and Thioguanine, Methotrexate, 
Cytoxan, Cytarabine, L-Asparaginase, Steroids: Prednisone and Dexamethasone. Also, 
proteasome inhibitors such as bortezomib can be used in combination with the instant 
compounds, for example. Examples of biologies can include agents such as TRAIL 
antibodies to TRAIL, integrins such as alpha- V-beta-3 (aVpS) and / or other cytokine/growth 
factors that are involved in angiogenesis, VEGF, EGF, FGF and PDGF. In some aspects, the 
compounds can be conjugated to or delivered with an antibody. The above-described 
combination methods can be used to treat a variety of conditions, including cancer and 
neoplastic diseases, inflammation, and microbial infections. 

[0010] In some embodiments, the compounds are administered in combination 
with a histone deacetylase inhibitor (HDACi). In various embodiments, the HDACi is 
selected from the group consisting of: 



O 




(pyridin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate 
(MS-275 or SNDX-275), 




O 



APHA compound 8, 
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Sirtinol, 
O O 




trichostatin A, 




valproic acid. 



O 




panobinostat, and 
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O 




^OH 



vorinostat (suberoylanilide hydroxamic acid (SAHA)). 



[0011] In still other embodiments, the compounds are used to treat inflammatory 
conditions. Certain embodiments relate to methods of treating inflammatory conditions in 
animals. The method can include, for example, administering an effective amount of a 
compound to a patient in need thereof. Other embodiments relate to the use of compounds in 
the manufacture of a pharmaceutical or medicament for the treatment of inflammation. 

[0012] In certain embodiments, the compounds are used to treat infectious 
diseases. The infectious agent can be a microbe, for example, bacteria, fungi, protozoans, 
and microscopic algae, or viruses. Further, the infectious agent can be B. anthracis (anthrax). 
In some embodiments the infectious agent is a parasite. For example, the infectious agent 
can be Plasmodium, Leishmania, and Trypanosoma. Certain embodiments relate to methods 
of treating infectious agents in animals. The method can include, for example, administering 
an effective amount of a compound to a patient in need thereof Other embodiments relate to 
the use of compounds in the manufacture of a pharmaceutical or medicament for the 
treatment of infectious agents. 

[0013] The present embodiments provide methods of treating cancer comprising 
administering to an animal a compound having the structure of any one of Formulas I and n, 
or a pharmaceutically acceptable salt or pro-drug thereof 




Formula I 



and 



Formula II 



[0014] 



in combination with a histone deacetylase inhibitor (HDACi); 
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[0015] wherein: 

[0016] the dashed lines represent a single or a double bond; 

[0017] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkyl acyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0018] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0019] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0020] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0021] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0022] each of Ei, E3, E4 and E5 is an optionally substituted heteroatom; 

[0023] E2 is an optionally substituted heteroatom or -CH2- group; and 

[0024] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
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amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 

arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0025] The present embodiments provide pharmaceutical compositions 
comprising a histone deacetylase inhibitor (HDACi) and a compound of any one of Formulas 
I and H: 




Formula I and Formula H 

[0026] wherein: 

[0027] the dashed lines represent a single or a double bond; 

[0028] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0029] nisi or 2, where if n is 2, then each Ri can be the same or different; 

[0030] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0031] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl. 
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alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0032] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyl oxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0033] each of Ei, E3, E4 and Eg is an optionally substituted heteroatom; 

[0034] E2 is an optionally substituted heteroatom or -CH2- group; and 

[0035] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0036] Other embodiments relate to methods of treating a neoplastic disease in an 
animal. The methods can include, for example, administering to the animal, a therapeutically 
effective amount of a compound of a formula selected from Formulae I and II, and 
pharmaceutically acceptable salts and pro-drug esters thereof 

[0037] The present embodiments provide methods of inhibiting the growlh of a 
cancer cell comprising contacting the cell with a HDACi and a compound having the 
structure of any one of Formulas I and 11: 
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Formula I and Formula 11 

[0038] wherein: 

[0039] the dashed lines represent a single or a double bond; 

[0040] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0041] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0042] 111 is 1 or 2, where if ni is 2, then each R4 can be the same or different; 

[0043] Ri is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C.2-C2,\ alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0044] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0045] each of Ei, E3, E4 and E5 is an optionally substituted heteroatom; 

[0046] E2 is an optionally substituted heteroatom or -CH2- group; and 

[0047] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl. 
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cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0048] The present embodiments provide methods of inducing apoptosis of a 
cancer cell comprising contacting the cell with a HDACi and a compound having the 
structure of any one of Formulas I and 11: 



[0049] wherein: 

[0050] the dashed lines represent a single or a double bond, 

[0051 [ each Rj is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0052] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0053] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0054] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl. 




Formula I 



and 



Formula n 



-12- 



wo 2008/124699 



PCT/US2008/059592 



alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0055] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyl oxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0056] each of Ei, E3, E4 and Eg is an optionally substituted heteroatom; 

[0057] E2 is an optionally substituted heteroatom or -CH2- group; and 

[0058] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

Brief Description of the Drawings 
[0059] The accompanjdng drawings, which are incorporated in and form part of 
the specification, merely illustrate certain preferred embodiments of the present invention. 
Together with the remainder of the specification, they are meant to serve to explain preferred 
modes of making certain compounds of the invention to those of skilled in the art. In the 
drawings: 

[0060] Fig. 1 shows Salinosporamide A (NPI-0052) inhibits the proteolytic 
activities of the 20S proteasome in leukemia cell lines. 

[0061] Fig. 2 shows in vitro and in vivo effects of Salinosporamide A (NPI-0052). 

[0062] Fig. 3 shows Salinosporamide A (NPI-0052) induced apoptosis through 
caspase activation and mitochondrial perturbations. 
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[0063] Fig. 4 shows the role of caspase-8 and FADD in Salinosporamide A (NPI- 
0052) induced apoptosis. 

[0064] Fig. 5 shows the free radical scavenger, NAC, protects from 
Salinosporamide A (NPl-0052) induced apoptosis. 

[0065] Fig. 6 shows low doses of Salinosporamide A (NPI-0052) and HDAC 
inhibitors induce synergistic apoptosis. 

[0066] Fig. 7 shows schematic representation of the mechanism of action of 
Salinosporamide A (NPI-0052). 

[0067] Fig. 8 shows the effect of the combination of MS-275 with bortezomib and 
the combination of MS-275 with Salinosporamide A to induce synergistic apoptosis. 

[0068] Fig. 9 shows that Salinosporamide A (10 nM) enhances the activity of 
vorinostat (SAHA, 1 |aM) in Hodgkin's HD-LM2 Lymphoma cell lines. 

[0069] Fig. 10 shows that Salinosporamide A (50 nM) enhances the activity of 
vorinostat (SAHA, 5 \jM) in Hodgkin' s L428 cells lines and that Salinosporamide A (50 nM) 
enhances the activity of vorinostat (SAHA, 5 ^M) in KM-H2 cell lines. 

[0070] Fig. 1 1 shows the effect of combinations of Salinosporamide A (14 nm) 
with MS-275 (0.5 |4M, 2 (xM and 3 pM) in a human myeloma cell line (RPMI 8226 MM 
cells), the effect of combinations of Salinosporamide A (18 nM) with MS-275 (1 \xM) and 
the effect of combinations of Salinosporamide A (16 nM) with MS-275 (1.5 |_iM), 

[0071] Fig. 12 shows the effect of combinations of Salinosporamide A (12 nM, 
14 nM and 18 nM) with MS-275 (1.5 ^iM) in a human myeloma cell line (OPM-1 MM cells), 
and the effect of combinations of Salinosporamide A (18 nm and 20 nm) with MS-275 (2 
[iM) in a human myeloma cell line (OPM-1 MM cells). 

[0072] Fig. 13 shows the effect of combinations of Salinosporamide A (16 nM 
and 18 nM) with MS-275 (0.5 |jM, 1 |jM, 1.5 |jM and 2 |jM) in a human myeloma cell line 
(DHL-6 MM cells). 

[0073] Fig. 14 shows the effect of combinations of Salinosporamide A (12 nM, 
14 nM, and 20 nM) with MS-275 (0.5 [\M, 1 ^iM, 1.5 |iM and 2 yiM) in a human myeloma 
cell line (Dox-6 MM cells). 
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[0074] Fig. 15 shows the effect of combinations of Salinosporamide A (14 nM, 
16 nM, and 20 nM) with MS-275 (0.5 |jM, 1 |jM, 1.5 |aM and 2 |jM) in a human myeloma 
cell line (Dox-40 MM cells). 

[0075] Fig. 16 shows the effect of combinations of Salinosporamide A (12 nM, 
14 nM, 18 nM and 20 nM) with MS-275 (0.5 piM, 1 ^M, and 2 nM) in a human myeloma 
cell line (LR-5 MM cells). 

[0076] Fig. 17 shows the effect of combinations of Salinosporamide A (3 nM, 5 
nM, and 7 nM) with MS-275 (0.25 ^iM, 0.5 |jM, and 1 |jM) in a human myeloma cell line 
(MM. IR cells. 

[0077] Fig. 18A shows activity of Salinosporamide A (10 nM) and vorinostat (5 
HM) alone and in combination on SB-2 line. 

[0078] Fig. 18B shows activity of Salinosporamide A (10 nM) and vorinostat (5 
^iM) alone and in combination on WM-266-4 melanoma cell line. 

[0079] Fig. 19 shows activity of Salinosporamide A (NPl-0052, 10 nM) and 
vorinostat (SAHA, 5 |jM) alone and in combination on MeWo melanoma cell lines. 

[0080] Fig. 20 shows growth inhibition effects of Salinosporamide A (NPI-0052) 
at doses of 5 nM to 500 nM as single agent or in combination with Vorinostat (SAHA, 2 joM) 
in various lung cancer cell lines. 

[0081] Fig. 21 shows growth inhibition effects of Salinosporamide A (NPI-0052) 
at doses of 5 nM to 500 nM as single agent or in combination with Vorinostat (2 ^iM) in 
various lung cancer cell lines. 

[0082] Fig. 22A-H shows isobologram analyses for eight lung carcinoma cell 
lines treated with Salinosporamide A (NPI-0052) and vorinostat (SAHA). 

[0083] Fig. 23 shows that human pancreatic carcinoma cell lines are resistant to 
treatment with gemcitabine alone, when gemcitabine (1 |iM or 10 [\M) is used in 
combination with Salinosporamide A a dosage effect is observed. 

[0084] Fig. 24 shows the effect of Salinosporamide A (NPI-0052) with vorinostat 
(SAHA) increases apoptosis compared to treatment with the individual agents alone. 

[0085] Fig. 25 shows HDAC inhibitor MS-275 can decrease mRNA expression of 
20 S proteasome P subunits in Jurkat cells. 
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[0086] Fig. 26 shows vorinostat can decrease mRNA expression of 20S 
proteasomal 35 subunit in Jurkat cells as measured at 12 hours and 18 hours. The expression 
of (55 mRNA was analyzed by real time PCR 

[0087] Fig. 27 shows MS-275 in combination with Salinosporamide A or 
bortezomib causes Histone-3 to hyperacetylate in Jurkat T-cells. 

[0088] Fig. 28 shows combination of Salinosporamide A with vorinostat causes 
hyperacetylation of Histone-3 in jurkat cells, the addition of N-acetylcysteine (NAC) inhibits 
the hyperacetylation of Histone-3. 

[0089] Fig. 29 shows histone-3 ubiquitination is not affected by Salinosporamide 
A (NPI-0052)or the combination of Salinosporamide A (NPI-0052) with MS-275. 

[0090] Fig. 30 shows effects of vorinostat pretreatment of human Jurkat ALL 
cells followed by treatment with bortezomib. 

[0091] Fig. 3 1 shows effects of simultaneous treatment of human Jurkat ALL 
cells with vorinostat and bortezomib. 

[0092] Fig. 32 shows effects of vorinostat pretreatment of human Jurkat ALL 
cells followed by treatment with Salinosporamide A. 

[0093] Fig. 33 shows effects of simultaneous treatment of human Jurkat ALL 
cells with vorinostat and Salinosporamide A. 

[0094] Fig. 34 shows effect of MS-275 and Salinosporamide A in combination 
and alone on superoxide levels in Jurkat T-cells. 

[0095] Fig. 35 shows effect of MS-275 and Salinosporamide A in combination 
and alone on superoxide levels in Caspase-8 deficient cells. 

[0096] Fig. 36 shows vorinostat in combination with Salinosporamide A or 
bortezomib causes formation of reactive oxygen species (ROS), when N-acetylcysteine 
(NAC) is included in the combinations the amount of ROS decrease as measured by mean 
fluorescence. 

[0097] Fig. 37 shows N-acetylcysteine (NAC) decreases formation of ROS when 
combined with vorinostat (Zolinza) and Salinosporamide A but not when combined with 
vorinostat and bortezomib (Velcade). 
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[0098] Fig. 38 shows combination of vorinostat (SAHA) and Salinosporamide A 
(NPI) does not induce apoptosis in cells that are caspase-8 deficient as strongly as cells that 
are not caspase-8 deficient. 

[0099] Fig. 39 shows regulation of NF-kB Activity in vitro by vorinostat and 
Salinosporamide A alone and in combination. 

[0100] Fig. 40 shows regulation of NF-kB Activity in vitro in human pancreatic 
carcinoma cells by vorinostat and Salinosporamide A alone and in combination. 

[0101] Fig. 41 shows combination of Salinosporamide A and vorinostat exhibit 
enhanced activity in an orthotopic pancreatic tumor model. 

Detailed Description of the Preferred Embodiment 

[0102] Numerous references are cited herein. The references cited herein, 
including the U.S. patents cited herein, are each to be considered incorporated by reference in 
their entirety into this specification. 

[0103] Mono-therapy with single chemotherapeutic agents and targeted 
compounds is rarely able to surmount the divergent multi-pathway survival and growth 
signaling pathways that are critical to the survival of cancer cells. As a result, researchers 
and clinicians have resorted to investigating the potential of combination therapies. To 
accurately predict the best potential combinations it is therefore necessary to identify the 
specific aberrant signaling pathways which are responsible for a cancer phenotype. 

[0104] By "co-administration" or use "in combination," it is meant that the two or 
more agents may be found in the patient's bloodstream at the same time, regardless of when 
or how they are actually administered. In one embodiment, the agents are administered 
simultaneously. In one such embodiment, administration in combination is accomplished by 
combining the agents in a single dosage form. In another embodiment, the agents are 
administered sequentially. In one embodiment the agents are administered through the same 
route, such as orally. In another embodiment, the agents are administered through different 
routes, such as one being administered orally and another being administered i.v. In one 
advantageous embodiment, the pharmacokinetics of the two or more agents are substantially 
the same. 
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[0105] Some embodiments provide a method of treating cancer comprising 
administering to an animal a compound having the structure of any one of Formulas I and n, 
or a pharmaceutically acceptable salt or pro-drug ester thereof: 




Formula I and Formula H 

[0106] in combination with a histone deacetylase inhibitor (HDACi); 
[0107] wherein: 

[0108] the dashed lines represent a single or a double bond; 

[0109] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkyl acyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0110] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[OlllJ ni is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0112] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 
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[0113] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkj^thio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0114] each of Ei, E3, E4 and E5 is an optionally substituted heteroatom; 

[01 15] E2 is an optionally substituted heteroatom or -CH2- group; and 

[0116] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroar^'l, aiylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0117] In some embodiments Eg can be, for example, OH, O, ORio, S, SRn, 
S02Rn, NH, NH2, NOH, NHOH, NRn, and NHOR13, wherein R10.13 may separately 
include, for example, hydrogen, a substituted or unsubstituted of any of the following: alkyl, 
an ary], a heteroaryl, and the like. R3 can be methyl. Furthermore, R4 may include a 
cyclohexyl. Also, each of Ei, E3 and E4 can be O and E2 can be NH, Preferably, Ri can be 
CH2CH2X, wherein X is selected from the group consisting of hydrogen, fluorine, chlorine, 
bromine, and iodine; wherein R4 may inchide a cyclohexyl; wherein R3 can be methyl; and 
wherein each of Ei, E3 and E4 separately can be O and E2 can be NH. In some embodiments, 
Ri can be alkyl optionally substituted with a boranic ester or boranic ester. For example, the 
boronic ester can be B(0Methyl)2, B(0Ethyl)2, B(OPropyl)2, B(0Phenyl)2, and the like. 

[0118] In certain embodiments, the cancer can be selected from the group 
consisting of breast cancer, sarcoma, leukemia, uretal cancer, bladder cancer, colon cancer, 
rectal cancer, stomach cancer, lung cancer, lymphoma, liver cancer, kidney cancer, endocrine 
cancer, skin cancer, melanoma, angioma, brain cancer and central nervous system (CNS) 
cancer. In a typical embodiment, the cancer can be leukemia, lymphoma, and the like. In 
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certain embodiments the cancer can comprise a tumor. In a typical embodiment, the tumor 
can be a refractory solid tumor. In certain embodiments the method can further comprise co- 
administering a chemotherapeutic agent. 

[0119] In certain embodiments, the compound is Salinosporamide A; 




CI 

Salinosporamide A 

[0120] In certain embodiments, the HDACi and the compound having the 
structure of any one of Formulas I and n can work in a synergistic manner to treat cancer. In 
certain embodiments, the HDACi can be selected from the group consisting of 

O 




(pyridin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate, 




APHA compound 8, 
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O 




..OH 



vorinostat (suberoylanilide hydroxamic acid (SAHA)). 

[0121] For example, the HDACi can be (pyridin-3-yl)methyl 4-(2- 
aminophenylcarbanioyl)benzylcarbamate (MS-275), valproic acid, vorinostat, and the like. 

[0122] Some embodiments provide a pharmaceutical composition comprising a 
histone deacetylase inhibitor (HDACi) and a compound of any one of Formulas I and H: 



[0123] wherein: 

[0124] the dashed lines represent a single or a double bond; 
[0125] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 

C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0126] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0127] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0128] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 




Formula I 



and 



Formula H 
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alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0129] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0130] each of Ei, E3, E4 and Eg is an optionally substituted heteroatom; 

[0131] El is an optionally substituted heteroatom or -CH2- group; and 

[0132] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0133] In some embodiments Eg can be, for example, OH, O, ORio, S, SRu, 
SO2R11, NH, NH2, NOH, NHOH, NR12, and NHOR13, wherein Rio-13 may separately 
include, for example, hydrogen, a substituted or unsubstituted of any of the following: alkyl, 
an aryl, a heteroaryl, and the like. R3 can be methyl. Furthermore, R4 may include a 
cyclohexyl. Also, each of Ei, E3 and E4 can be O and E2 can be NH. Preferably, Ri can be 
CH2CH2X, wherein X is selected from the group consisting of hydrogen, fluorine, chlorine, 
bromine, and iodine; wherein R4 may include a cyclohexyl; wherein R3 can be methyl; and 
wherein each of Ei, E3 and E4 separately can be O and E2 can be NH. In some embodiments, 
Ri can be alkyl optionally substituted with a boranic ester or boranic ester. For example, the 
boronic ester can be B(0Methyl)2, B(0Ethyl)2, B(OPropyl)2, B(0Phenyl)2, and the like. 

[0134] In a typical embodiment the compound is Salinosporamide A. hi certain 
embodiments the HDACi can be selected from the group consisting of (pyridin-3-yl)methyl 
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4-(2-aminophenylcarbamoyl)benzylcarbamate (MS-275), APHA compound 8, Apicidin, (-)- 
Depudecin, sodium butyrate, scriptaid, sirtinol, trichostatin A, valproic acid, vorinostat and 
the like. For example, the HDACi can be (pyridin-3-yl)methyl 4-(2- 
aminophenylcarbamoyl)benzylcarbamate (MS-275), HDACi is valproic acid, vorinostat, and 

the like. 

[0135] Some embodiments provide a method of inhibiting the growth of a cancer 
cell comprising contacting the cell with a HDACi and a compound having the structure of 
any one of Formulas 1 and 11: 




Formula I and Formula H 



[0136] wherein: 

[0137] the dashed lines represent a single or a double bond; 

[0138] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0139] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0140] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0141] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl. 
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alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0142] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0143] each of Ei, E3, E4 and Eg is an optionally substituted heteroatom; 

[0144] El is an optionally substituted heteroatom or -CH2- group; and 

[0145] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0146] In some embodiments Eg can be, for example, OH, O, ORio, S, SRu, 
SO2R11, NH, NH2, NOH, NHOH, NR12, and NHOR13, wherein Rio-13 may separately 
include, for example, hydrogen, a substituted or unsubstituted of any of the following: alkyl, 
an aryl, a heteroaryl, and the like. R3 can be methyl. Furthermore, R4 may include a 
cyclohexyl. Also, each of Ei, E3 and E4 can be O and E2 can be NH. Preferably, Ri can be 
CH2CH2X, wherein X is selected from the group consisting of hydrogen, fluorine, chlorine, 
bromine, and iodine; wherein R4 may include a cyclohexyl; wherein R3 can be methyl; and 
wherein each of Ei, E3 and E4 separately can be O and E2 can be NH. In some embodiments, 
Ri can be alkyl optionally substituted with a boranic ester or boranic ester. Typical boranic 
ester groups include, but are in no way limited to, B(0Methyl)2, B(0Ethyl)2, B(OPropyl)2, 
B(0Phenyl)2, and the like. 
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[0147] In a typical embodiment the compound is Salinosporamide A. In certain 
embodiments the HDACi can be selected from the group consisting of (pyridin-3-yl)methyl 
4-(2-aminophenylcarbamoyl)benzylcarbamate (MS-275), APHA compound 8, Apicidin, (-)- 
Depudecin, sodium butyrate, scriptaid, sirtinol, trichostatin A, valproic acid, vorinostat and 
the like. For example, the HDACi can be (pyridin-3-yl)methyl 4-(2- 
aminophenylcarbamoyl)benzylcarbamate (MS-275), HDACi is valproic acid, vorinostat, and 
the like. 

[0148] Some embodiments provide a method of inducing apoptosis of a cancer 
cell comprising contacting the cell with a HDACi and a compound having the structure of 
any one of Formulas I and H: 

R2 ^ 'msr^ 

(4, (4 

Formula I and Formula H 

[0149] wherein: 

[0150] the dashed lines represent a single or a double bond; 
[0151] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 

C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkyl acyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alk>'l including polyhalogenated alkyl; 

[0152] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0153] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

[0154] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
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C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alk-yl including polyhalogenated alkyl; 

[0155] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0156] each of Ei, E3, E4 and E5 is an optionally substituted heteroatom; 

[0157] E2 is an optionally substituted heteroatom or -CH2- group, and 

[0158] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0159] In some embodiments E5 can be, for example, OH, O, ORio, S, SRn, 
SO2R11, NH, NH2, NOH, NHOH, NR12, and NHOR13, wherein Rio-13 may separately 
include, for example, hydrogen, a substituted or unsubstituted of any of the following: alkyl, 
an aryl, a heteroaryl, and the like. R3 can be methyl. Furthermore, R4 may include a 
cyclohexyl. Also, each of Ei, E3 and E4 can be O and E2 can be NH. Preferably, Ri can be 
CH2CH2X, wherein X is selected from the group consisting of hydrogen, fluorine, chlorine, 
bromine, and iodine; wherein R4 may include a cyclohexyl; wherein R3 can be methyl; and 
wherein each of Ei, E3 and E4 separately can be O and E2 can be NH. In some embodiments, 
Ri can be alkyl optionally substituted with a boranic ester or boranic ester. For example, the 
boronic ester can be B(0Methyl)2, B(0Ethyl)2, B(OPropyl)2, B(0Phenyl)2, and the like. 
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[0160] In a typical embodiment the compound is Salinosporamide A. In certain 
embodiments the HDACi can be selected from the group consisting of (pyridin-3-yl)methyl 
4-(2-aminophenylcarbamoyl)benzylcarbamate (MS-275), APHA compound 8, Apicidin, (-)- 
Depudecin, sodium butyrate, scriptaid, sirtinol, trichostatin A, valproic acid, vorinostat and 



aminophenylcarbamoyl)benzylcarbamate (MS-275), HDACi is valproic acid, vorinostat, and 
the like. 

[0161] Some embodiments provide a compound having the structure of Formula 



[0162] wherein: 

[0163] the dashed lines represent a single or a double bond; 
[0164] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 

C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arj'lthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0165] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0166] R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 alkyl, C2- 
C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, 



the like. 



For example, the HDACi can be (pyridin-3-yl)methyl 4-(2- 



I: 




Formula I 
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alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic 
acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0167] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyl oxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0168] each of Ei, E3, and E4 is an optionally substituted heteroatom; and 

[0169] E2 is an optionally substituted heteroatom or -CH2- group. 

[0170] In some embodiments, compounds having the structure of Formula I have 
the structure of Formula H: 




Formula n 

[0171] wherein: 

[0172] the dashed lines represent a single or a double bond; 

[0173] each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally substituted: Ci- 
C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyl oxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate 
esters, boronic acids and esters, and halogenated alkyl including polyhalogenated alkyl; 

[0174] n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

[0175] m is 1 or 2, where if m is 2, then each R4 can be the same or different; 
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[0176] R3 is a halogen or selected from the group consisting of optionally 
substituted C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, nitro, 
azido, phenyl, cycloalkylacyl, hydroxy, alkj^thio, arylthio, oxysulfonyl, carboxy, cyano, and 
halogenated alkyl including polyhalogenated alkyl; 

[0177] each of Ei, E3, E4 and E5 is an optionally substituted heteroatom; 

[0178] E2 is an optionally substituted heteroatom or -CH2- group; and 

[0179] each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, 
or selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 alkenyl, 
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroarj'l, aiylalkoxycarbonyl, alkoxycarbonylacyl, 
amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, 
arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl. 

[0180] In some embodiments n can be equal to 1, while in others it can be equal 
to 2. When n is equal to 2, the substituents can be the same or can be different. Furthermore, 
in some embodiments R3 is not a hydrogen. In some embodiments m can be equal to 1 or 2, 
and when m is equal to 2, R4 can be the same or different. 

[0181] In some embodiments E5 can be, for example, OH, O, ORio, S, SRn, 
SO2R11, NH, NH2, NOH, NHOH, NR12, and NHOR13, wherein Rio-13 may separately 
include, for example, hydrogen, a substituted or unsubstituted of any of the following: alkyl, 
an aryl, a heteroaryl, and the like. R3 can be methyl. Furthermore, R4 may include a 
cyclohexyl. Also, each of Ei, E3 and E4 can be O and E2 can be NH. Preferably, Ri can be 
CH2CH2X, wherein X is selected from the group consisting of hydrogen, fluorine, chlorine, 
bromine, and iodine; wherein R4 may include a cyclohexyl; wherein R3 can be methyl; and 
wherein each of Ei, E3 and E4 separately can be O and E2 can be NH. In some embodiments, 
Ri can be alkyl optionally substituted with a boranic ester or boranic ester. For example, the 
boronic ester can be B(0Methyl)2, B(0Ethyl)2, B(OPropyl)2, B(0Phenyl)2, and the like. 
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[0182] In some embodiments, Ri is not cyclohex-2-enyl carbinol when one of the 
Ri substituents is ethyl or chloroethyl and R3 is methyl. 

[0183] In some embodiments, Ri can be an optionally substituted Ci to C5 alkyl. 
For example, Ri can be methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl and 
the like. In some embodiments, Ri is not a substituted or unsubstituted, unbranched Cg alkyl. 

[0184] In a typical embodiment, E5 can be OH. For example, the compound may 
have the following Formula I-l : 




I-l 

[0185] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0186] As an example. Formula I-l may have the following stereochemistry: 




[0187] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 
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[0188] Still a further exemplary compound of Formula II is a compound having 
the following Formula 1-2: 

/NH2 




[0189] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, tluorine, chlorine, bromine and iodine. 

[0190] For example, Formula 1-2 may have the following stereochemistry: 
/NH2 




[0191] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0192] An exemplary compound of Formula IT can heve the following Formula 11- 

1: 
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R8 

n-1 

[0193] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 
[0194] Exemplary stereochemistry can be as follows: 




Re 

[0195] In some embodiments, the compound of Formula I can have any of the 
following structures of Foumulae II-2, 11-3, and 11-4: 




n-2 II-3 II-4 
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[0196] The following is exemplary stereochemistry for compounds having the 
structures of Foumulae 11-2, 11-3, and 11-4, respectively: 




IT-5 

[0198] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0199] The following are examples of compounds of Formula 11-5 having the 
structures of Formulae 11-5 A and n-5B: 



-35- 



wo 2008/124699 



PCT/US2008/059592 




CI 
II-5A 



and 



CI 

n-5B 



[0200] In still further embodiments, at least one R4 may include an optionally 
substituted branched alkyl. For example, a compound of Formula I can be the following 
Formula 11-6: 



II-6 

[0201] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0202] The following is exemplary stereochemistry for a compound of Formula 

n-6: 
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[0203] As another example, the compound of Formula I can be the following 
Formula 11-7: 

OHC 




II-7 

[0204] In some embodiments, for example, Rg can be selected from the group 

consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0205] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-7; 

OHC 

^ ^ H 
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[0206] In other embodiments, at least one R4 can be an optionally substituted 
cycloalkyl and E5 can be an oxygen. For example, R4 can be cyclopropyl, cyclopentyl, 
cyclohexyl, cycloheptyl, and the like. An exemplary compound of Formula I can have the 
structure of Formula 11-8: 




II-8 

[0207] In some embodiments, Rg can be, for example, hydrogen (TI-8A), fluorine 
(n-8B), chlorine (H-SC), bromine (II-8D) and iodine (II-8E). 

[0208] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-8: 




[0209] In some embodiments E5 can be an amine oxide, giving rise to an oxime. 
An exemplary compound of Formula I has the following structure of Formula 11-9: 
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R8 

n-9 

[0210] Rg can be selected from the group consisting of hydrogen, fluorine, 
chlorine, bromine and iodine; R can be a hydrogen, or an optionally substituted substituent 
selected from the group consisting of alkyl, aryl, heteroaryl, and the like. 

[0211] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-9: 




R8 



-39- 



wo 2008/124699 



PCT/US2008/059592 



[0212] A further exemplary compound of Formula I has the following structure of 
Formula H-IO: 



n-10 

[0213] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0214] The following is exemplary stereochemistry for a compound having the 
structure of Formula U-IO: 





P 
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[0215] In some embodiments, E5 can be NH2. An exemplary compound of 
Formula I has the following structure of Formula II-l 1 : 



n-11 

[0216] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0217] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-11 : 





P 
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[0218] In some embodiments, at least one R4 can be an optionally substituted 
cycloalkyl and E5 can be NH2. For example, R4 can be cyclopropyl, cyclopentyl, cyclohexyl, 
cycloheptyl, and the like. An exemplary compound of Formula I has the following structure 
of Formula n-12: 



n-12 

[0219] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine. 

[0220] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-12: 





P 



Re 
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[0221] A further exemplary compound of Formula I has the following structure of 
Formula n-1 3: 



n-13 

[0222] Rjj may include, for example, hydrogen (II-13A), fluorine (II-13B), 
chlorine (II-13C), bromine (II-13D) and iodine (II-13E). 

[0223] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-13: 





P 
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[0224] In another embodiment a compound of Formula I can have the following 
structure of Formula 11-14: 



n-14 

[0225] For example, Rg can be selected from the group consisting of hydrogen, 
fluorine, chlorine, bromine and iodine. 

[0226] The following is exemplary stereochemistry for a compound having the 
structure of Formula 11-14: 





P 
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[0227] In another embodiment, for example, the radical R4 of a compound of 
Formula n can be an optionally substituted cycloalkene. Furthermore, in some embodiments, 
the compounds of Formula n may include a hydroxy at E5, for example. A further exemplary 
compound of Formula 11 has the following structure of Formula 11-15: 



n-15 

[0228] In some embodiments, for example, Rg can be selected from the group 
consisting of hydrogen, fluorine, chlorine, bromine and iodine Rg may include, for example, 
hydrogen, fluorine, chlorine, bromine and iodine. 

[0229] Exemplary stereochemistry can be as follows: 



[0230] The following is exemplary stereochemistry for compounds having the 
structure of Formulae 11-16, 11-17, 11-18, and 11-19, respectively: 
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U-18 U-19 

[0231] The compounds of Formulae n-16, 11-17, 11-18 and 11-19 can be obtained 
by fementation, synthesis, or semi-synthesis and isolated/purified as set forth below. 
Furthermore, the compounds of Formulae 11-16, 11-17, 11-18 and 11-19 can be used, and are 
referred to, as "starting materials" to make other compounds described herein. 

[0232] In some embodiments, the compounds of Formula I, may include a methyl 
group as Ri, for example. A further exemplary compound, structure 11-20, has the following 
structure and stereochemistry: 




n-20 
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[0233] In some embodiments, the compounds of Formula I, may include 
hydroxyethyl as Ri, for example. A further exemplary compound, Formula 11-21, has the 
following structure and stereochemistry: 




n-21 

[0234] In some embodiments, the hydroxyl group of Formula 11-21 can be 
esterified such that Ri may include ethylpropionate, for example. An exemplary compound, 
structure 11-22, has the following structure and stereochemistry: 




n-22 

[0235] In some embodiments, the compounds of Formula I may include an ethyl 
group as R3, for example. A further exemplary compound of Formula I has the following 
structure of Formula 11-23: 
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n-23 

[0236] For example, Rg can be selected from the group consisting of hydrogen, 
fluorine, chlorine, bromine and iodine. Exemplary stereochemistry can be as follows: 




[0237] In some embodiments, the compounds of Formula 11-23 may have the 
following structure and stereochemistry, exemplified by structure of Formula n-24C, where 
Rg is chlorine: 




CI 

U-24C 
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[0238] In some embodiments, the compounds of Formula 11-15 may have the 
following stereochemistry, exemplified by the compound of Formula 11-25, where Rs is 
chlorine: 




n-25 

[0239] In some embodiments, the compound of Formula 11-15 may have the 
following stereochemistry, exemplified by the compound of Formula 11-26, where Rg is 
chlorine: 



-".OH 
HT p 



} 



n-26 



[0240] In some embodiments, the compound of Formula I may have the following 
structure and stereochemistry, exemplified by the structure of Formula n-27, where Ri is 
ethyl: 
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\ ' 
n-27 

[0241] In some embodiments, the compound of Formula I may have the following 
stnicture and stereochemistry, exemplified by the structure of Formula 11-28, where Ri is 
methyl: 




n-28 

[0242] In some embodiments, the compounds of Formula I may include 
azidoethyl as Ri, for example. A further exemplary compound, Formula 11-29, has the 
following structure and stereochemistry: 




n-29 



[0243] In some embodiments, the compounds of Formula I may include propyl as 
Ri, for example. A further exemplary compound, Formula 11-30, has the following structure 

and stereochemistry: 
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11-30 

[0244] Still further exemplary compounds, Formulae 11-31 and 11-32, have the 
following structure and stereochemistiy: 




n-31 and n-32 

[0245] Other exemplary compounds. Formulae 11-33, 11-34, 11-35 and 11-36, have 
the following structure and stereochemistry: 




11-33 - n-36 
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[0246] In some embodiments, the compound of Formula I may include cyanoethyl 
as Ri; for example, the compound of Formula 11-37 has the following structure and 
stereochemistry: 



NC 

n-37 

[0247J In another embodiment, the compound of Formula I may include 
ethylthiocyanate as Ri; for example, the compound of Formula 11-38 has the following 
structure and stereochemistry: 





H r 





H z 



n-38 
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[0248] In some embodiments, the compounds of Formula I may include a thiol as 
Ri, for example. A further exemplary compound, Formula 11-39, has the following structure 
and stereochemistry, where R= H, alk>'l, aryl, or substituted alkyl or aryl: 




11-39 

[0249] In a further exemplary compound, the sulfur of the compound of Formula 
n-39 can be oxidized to a sulfoxide (n=l) or sulfone (n=2), for example, as in the compound 
of structure 11-40: 




n-40 

[0250] In some embodiments, the substituent Ri of the compound of Formula I 
may include a leaving group, for example, a halogen, as in compounds of Formulae II- 1 8 or 
11-19, or another leaving group, such as a sulfonate ester. One example is the methane 
sulfonate (mesylate) of Formula n-41: 
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11-41 

[0251] In some embodiments, the substituent Rj of the compound of Formula I 
may include electron acceptors. The electron acceptor can be, for example, a Lewis acid, 
such as a boronic acid or ester. An exemplary compound. Formula 11-42, has the following 
structure and stereochemistry, where n = 0, 1 , 2, 3, 4, 5, or 6, for example, and where R=H or 
alkyl, for example: 




n-42 

[0252] Further exemplary compounds of Formula 11-42 are the compounds of 
Formula 11-42A, where n=2 and R=H, and the compound of Formula 11-42B, where n=l and 
R=H: 
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H 



H z 



P 



II-42A II-42B 
[0253J In some embodiments where the substituent Ri of the compound of 

Formula I includes an electron acceptor, the electron acceptor can be, for example, a Michael 
acceptor. An exemplary compound, structure 11-43 has the following structure, where n = 0, 
1, 2, 3, 4, 5, 6, and where Z is an electron withdrawing group, for example, CHO, COR, 
COOR, CONH2, CN, NO2, SOR, SO2R, etc: 




Z 



n-43 
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[0254] A further exemplary compound of Formula 11-43 is the compound of 
structure n-43A, where n=l and Z=C02CH3: 




/ 

CO2CH3 

rr-43A 

[0255] In some embodiments, the compounds can be prodrug esters or thioesters 
of the compounds of Formula I. For example, the compound of Formula 11-44 (a prodrug 
thioester of the compound of structure 11-16) has the following structure and stereochemistry: 




Cf^^OCHg 
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[0256] In some embodiments, the compounds of Formula I may include an 
alkenyl group as Ri, for example, ethyl enyl. A further exemplary compound, Formula 11-46, 
has the following structure and stereochemistry: 




n-46 

[0257] In some embodiments, the compounds can be prodrug esters or thioesters 
of the compounds of Formula I. For example, the compound of Formula 11-47 (a prodrug 
thioester of the compound of structure n-17) has the following structure and stereochemistry: 




n-47 

[0258] In some embodiments, the compounds can be prodrug esters or thioesters 
of the compounds of Formula I. For example, the compound of Formula 11-48 has the 
following structure and stereochemistry: 
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CI 

11-49 

[0260] In some embodiments, the compound can be prodrug ester or thioester of 
the compounds of Formula I. For example, the compound of Formula 11-50 (prodrug ester of 
the compound of Formula n-16) has the following structure and stereochemistry: 




n-50 
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[0261] An exemplary compound of Formula I is the following Formula HI- 1 , with 
and without exemplary stereochemistry: 



[0262] In some embodiments, for example, Rg can be selected from the group 

consisting of hydrogen, fluorine, chlorine, bromine and iodine. The substituent(s) R6 and Ry 
may each separately be selected from a hydrogen, a halogen, a nitro, a cyano, or an optionally 
substituted substituent selected from the group consisting of C1-C24 alkyl, C2-C24 alkenyl, C2- 
C24 alkynyl, acyl, acyloxy, alkyl oxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, 
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arj'lalkoxy carbonyl, alkoxy carbonylacyl, 
amino, aminocarbonyl, aminocarbonyloxy, azido, phenyl, hydroxy, alkylthio, arylthio, 
oxysulfonyl, carboxy, and halogenated alkyl including polyhalogenated alkyl. Further, Rg 
and R7 both can be the same or different. 

[0263] For example, an exemplary compound of Formula I has the following 
Formula in-2: 




m-i 




ni-2 
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[0264] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and 

iodine. 

[0265] Exemplary stereochemistry can be as follows: 




[0266] For example, an exemplary compound of Formula I has the following 
Formula in-3: 




ni-3 

[0267] Rg may include, for example, hydrogen (in-3A), fluorine (ni-3B), 
chlorine (HI-SC), bromine (ni-3D) and iodine (m-3E). 
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[0268] Exemplary structure and stereochemistry can be as follows: 




[0269] Additional exemplary structure and stereochemistry can be as follows: 



iir-3C 

[0270] For example, an exemplary compound of Formula 1 has the following 
Formula 111-4: 




R8 

ni-4 

[0271] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and 



[0272] Exemplary stereochemistry can be as follows: 
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[0273] Certain embodiments also provide pharmaceutically acceptable salts and 

pro-dmg esters or thioesters of the compound of Formulae I and II, and provide methods of 
obtaining and purifying such compounds by the methods disclosed herein. 

[0274] The term "pro-drug," especially when referring to a pro-drug ester of the 
compound of Formula I synthesized by the methods disclosed herein, refers to a chemical 
derivative of the compound that is rapidly transformed in vivo to yield the compound, for 
example, by hydrolysis in blood or inside tissues. The term "pro-drug ester" refers to 
derivatives of the compounds disclosed herein formed by the addition of any of several ester- 
or thioester-forming groups that are hydrolyzed under physiological conditions. Examples of 
pro-drug ester groups include pivoyloxymethyl, acetoxymethyl, phthalidyl, indanyl and 
methoxymethyl, as well as other such groups known in the art, including a (5-7?-2-oxo-l,3- 
dioxolen-4-yl)methyl group. Other prodrugs can be prepared by preparing a corresponding 
thioester of the compound, for example, by reacting with an appropriate thiol, such as 
thiophenol. Cysteine or derivatives thereof, or propanethiol, for example. Other examples of 
pro-drug ester groups can be found in, for example, T. Higuchi and V. Stella, in "Pro-drugs as 
Novel Delivery Systems", Vol. 14, A.C.S. Symposium Series, American Chemical Society 
(1975); and "Bioreversible Carriers in Drug Design: Theory and Application", edited by E. B. 
Roche, Pergamon Press: New York, 14-21 (1987) (providing examples of esters usefial as 
prodrugs for compounds containing carboxyl groups). Each of the above-mentioned 
references is hereby incorporated by reference in its entirety. 

[0275] The term "pharmaceutically acceptable salt," as used herein, and 
particularly when referring to a pharmaceutically acceptable salt of a compound, including a 
compound of Formula I, as produced and synthesized by the methods disclosed herein, refers 
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to any pharmaceutically acceptable salts of a compound, and preferably refers to an acid 
addition salt of a compound. Preferred examples of pharmaceutically acceptable salt are the 
alkali metal salts (sodium or potassium), the alkaline earth metal salts (calcium or 
magnesium), or ammonium salts derived from ammonia or from pharmaceutically acceptable 
organic amines, for example C1-C7 alkylamine, cyclohexyl amine, tri eth an ol amine, 
ethylenediamine or tris-(hydroxymethyl)-aminomethane. With respect to compounds 
synthesized by the method of this embodiment that are basic amines, the preferred examples 
of pharmaceutically acceptable salts are acid addition salts of pharmaceutically acceptable 
inorganic or organic acids, for example, hydrohalic, sulfuric, phosphoric acid or aliphatic or 
aromatic carboxylic or sulfonic acid, for example acetic, succinic, lactic, malic, tartaric, 
citric, ascorbic, nicotinic, methanesulfonic, p-toluensulfonic or naphthalenesulfonic acid. 

[0276J Preferred pharmaceutical compositions disclosed herein include 
pharmaceutically acceptable salts and pro-daigs of the compound of Formula I obtained and 
purified by the methods disclosed herein. Accordingly, if the manufacture of pharmaceutical 
formulations involves intimate mixing of the pharmaceutical excipients and the active 
ingredient in its salt form, then it is preferred to use pharmaceutical excipients which are non- 
basic, that is, either acidic or neutral excipients. 

[0277] It will be also appreciated that the phrase "compounds and compositions 
comprising the compound," or any like phrase, is meant to encompass compounds in any 
suitable form for pharmaceutical delivery, as discussed in further detail herein. For example, 
in certain embodiments, the compounds or compositions comprising the same may include a 
pharmaceutically acceptable salt of the compound. 

[0278] The term "halogen atom," as used herein, means any one of the radio- 
stable atoms of column 7 of the Periodic Table of the Elements, i.e., fluorine, chlorine, 
bromine, or iodine. 

[0279] The term "alkyi," as used herein, means any unbranched or branched, 
substituted or unsubstituted, fully saturated (no double or triple bonds) hydrocarbon group. 
The alkyl group may have 1 to 24 carbon atoms (whenever it appears herein, a numerical 
range such as "1 to 24" refers to each integer in the given range; e.g., "1 to 24 carbon atoms" 
means that the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms. 
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etc., up to and including 24 carbon atoms, although the present definition also covers the 
occurrence of the term "alkyl" where no numerical range is designated). The alkyl group may 
also be a medium size alkyl having 1 to 10 carbon atoms. The alkyl group could also be a 
lower alkyl having 1 to 5 carbon atoms. The alkyl group of the compounds may be 
designated as "Ci_6 alkyl" or similar designations. By way of example only, "Ci.g alkyl" 
indicates that there are one to six carbon atoms in the alkyl chain, i.e., the alkyl chain is 
selected from the group consisting of methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec- 
butyl, t-butyl, pentyl and hexyl. Typical alkyl groups include, but are in no way limited to, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, hexyl, and the like. 

[0280] The term "substituted" has its ordinary meaning, as found in numerous 
contemporary patents from the related art. See, for example, U.S. Patent Nos. 6,509,331; 
6,506,787; 6,500,825; 5,922,683; 5,886,210; 5,874,443; and 6,350,759; all of which are 
incorporated herein in their entireties by reference. Specifically, the definition of substituted is 
as broad as that provided in U.S. Patent No. 6,509,331, which defines the term "substituted 
alkyl" such that it refers to an alkyl group, preferably of from 1 to 10 carbon atoms, having 
from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group consisting 
of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, 
oxyacylamino, cyano, halogen, hydroxyl, carboxyl, carboxylalkyl, keto, thioketo, thiol, 
thioalkoxy, substituted thioalkoxy, thiocyanate, aryl, aryloxy, heteroaryl, heteroaryloxy, 
heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, azido, boronic acid, boronic 
ester, -SO-alkyl, -SO-substituted alkyl. -SO-aryl, -SO-heteroaryl, -SOz-alkyl, -SO2- 
substituted alkyl, -S02-aryl, -S02-heteroaryl, -OSO-alkyl, -OSO-substituted alkyl, -OSO- 
aryl, -OSO-heteroaryl, -OSOj-alkyl, -0S02-substituted alkyl ~0S02-aryl, and -OSOi- 
heteroaryl. The other above-listed patents also provide standard definitions for the term 
"substituted" that are well-understood by those of skill in the art. 

[0281] The term "cycloalkyl" as used herein, refers to any non-aromatic 
hydrocarbon ring, preferably having three to twelve atoms comprising the ring. 

[0282] The term "acyl" as used herein, refers to alkyl or aryl groups derived from 
an oxoacid, with an acetyl group being preferred. 



-64- 



wo 2008/124699 



PCT/US2008/059592 



[0283] The term "alkoxycarbonylacyl" as used herein, refers to an acyl group 
substituted with an alkoxycarbonyl group. Typical alkoxycarbonylacyl groups include, but 
are in no way limited to, CH30C(0)CH2C(0)-, CH3CH2CH20C(0)CH2C(0)-, 4- 
ethoxycarbonylbenzoyl-, 4-methoxycarbonylbenzoyl- 4-propoxycarbonylbenzoyl-, 3-tert- 
butoxycarbonylbenzoyl-, and the like. 

[0284] The term "amino" as used herein, refers to amine radicals, wherein one or 
both hydrogen atoms are optionally replaced by substituents such as alkyl, and aryl groups. 
Typical amino groups include, but are in no way limited to, -NH2, -NHMe, -NHEt, 
-NHCH2phenyl, -N(Me)(phenyl), -N(Et)(Me), -N(Phenyl)(Et), -N(Et)(CH2phenyl), 
-N(CH2phenyl)(phenyl), and the like. 

[0285] The term "aminocarbonyl" and as used herein, refers to a carbonyl 
substituted with an amino. Typical aminocarbonyl groups include, but are in no way limited 
to, -C(0)NH2, -C(0)NHMe, -C(0)NHEt, -C(0)NHCH2phenyl, -C(0)N(Me)(phenyl), 
-C(0)N(Et)(Me), -C(:0)N(Phenyl)(Et), -C(0)N(Et)(CH2phenyl), 

-C(0)N(CH2phcnyl)(phcnyl), and the like. 

[0286] The term "acyloxy" as used herein, refers to an acyl group attached to an 
oxygen with the oxygen being the attachment point. Typical acyloxy groups include, but are 
in no way limited to, MeC(0)0-, PhenylC(0)0- and the like. 

[0287] The term "alkenyl" as used herein, means any unbranched or branched, 
substituted or unsubstituted, unsaturated hydrocarbon including polyunsaturated 
hydrocarbons, with Ci-Cg unbranched, mono-unsaturated and di-unsaturated, unsubstituted 
hydrocarbons being preferred, and mono-unsaturated, di-halogen substituted hydrocarbons 
being most preferred. 

[0288] The term "cycloalkenyl" as used herein, refers to any non-aromatic 
hydrocarbon ring, preferably having five to twelve atoms comprising the ring and having at 
least one unsaturated bond. 

[0289] The term "heterocycle" or "heterocyclic" refer to any non-aromatic cyclic 
compound containing one or more heteroatoms. In polycyclic ring systems, the one or more 
heteroatoms, may be present in only one of the rings. A heterocycle or heterocyclic group 
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may be substituted or unsubstituted. The substituted heterocycle or heterocyclic group can be 
substituted with any substituent, including those described above and those known in the art. 

[0290] The term "aryl" as used herein, refers to a carbocyclic (all carbon) ring or 
two or more fused rings (rings that share two adjacent carbon atoms) that have a fully 
delocalized pi-electron system. Typical aryl groups include, but are in no way limited to, 
benzene, naphthalene, azulene and the like. An aryl group may be substituted or 
unsubstituted. The substituted aryls can be substituted with any substituent, including those 
described above and those known in the art. 

[0291] The term "heteroaryl" as used herein, refers to an aromatic heterocyclic 
group, whether one ring or multiple fused rings. In fused ring systems, the one or more 
heteroatoms, may be present in only one of the rings. The hetero atom is an element other 
than carbon, including but not limited to, nitrogen, oxygen and sulfLir. Typical heteroaryl 
groups include, but are in no way limited to, indole, oxazole, benzoxazole, isoxazole, 
benzisoxazole, thiazole, benzothiazole, isothiazole, imidazole, benzimidazole, pyrazole, 
pyridazine, pyridine, pyrimidine, purine, pyrazine, pteridine, pyiTole, phenoxazole, oxazole, 
isoxazole, oxadiazole, benzopyrazole, indazole, quinolizine, cinnoline, phthalazine, 
quinazoline, quinoxaline, and the like. A heteroaryl group of this invention may be 
substituted or unsubstituted. The substituted heteroaryls can be substituted with any 
substituent, including those described above and those known in the art. 

[0292] The term "alkoxy" as used herein, refers to any unbranched, or branched, 
substituted or unsubstituted, saturated or unsaturated ether, with Ci-C^ unbranched, saturated, 
unsubstituted ethers being preferred, with methoxy being preferred, and also with dimethyl, 
diethyl, methyl-isobutyl, and methyl-tert-butyl ethers also being preferred. 

[0293] The term "cycloalkoxy" as used herein, refers to any cycloalkyl attached to 
an oxygen atom with the oxygen being the attachment point to the rest of the molecule. 

[0294] The term "arylalkoxy" as used herein, refers to an alkoxy group substituted 
with an aryl group. For example, arylalkoxy can be methoxy substituted with an aryl group, 
such as benzyloxy and the like. 

[0295] The term "arylalkoxycarbonyl" as used herein, refers to an arylalkoxy 
group attached to a carbonyl group with the carbonyl being the attachment point to the rest of 
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the molecule. Typical arylalkoxycarbonyl groups include, but are in no way limited to, 
benzyloxycarbonyl (i.e., PhenylCH20C(0)-) and the like. 

[0296] The term "cycloalkyl" as used herein, refers to any non-aromatic 
hydrocarbon ring. 

[0297] The term "alkoxycarbonyl" as used herein, refers to any linear, branched, 
cyclic, saturated, unsaturated, aliphatic or aryl alkoxy attached to a carbonyl group with the 
carbonyl group being the attachment point to the rest of the molecule. Typical 
alkoxycarbonyl groups include, but are in no way limited to, ethoxycarbonyl group, 
propyloxycarbonyl group, isopropyloxycarbonyl group, butoxycarbonyl group, sec- 
butoxycarbonyl group, tert-butoxycarbonyl group, cyclopentyloxycarbonyl group, 
cyclohexyloxycarbonyl group, benzyloxycarbonyl group, allyloxycarbonyl group, 
phenyl oxy carbonyl group, pyridyloxycarbonyl group, and the like. 

[0298] The term "alkoxycarbonyloxy" as used herein, refers to an alkoxycarbonyl 
group attached to an oxygen with the oxygen being the attachment point to the rest of the 
molecule. Typical alkoxycarbonyloxy groups include, but are in no way limited to, 
MeOC(0)0-, methoxycarbonyloxy group, ethoxycarbonyloxy group, propyloxycarbonyloxy 
group, isopropyloxycarbonyloxy group, butoxycarbonyloxy group, sec-butoxycarbonyloxy 
group, tert-butoxycarbonyloxy group, cyclopentyloxycarbonyloxy group, 
cyclohexyloxycarbonyloxy group, allyloxycarbonyloxy group, benzyloxycarbonyloxy group 
and the like. Additionally, alkoxycarbonyloxy groups refer to aryloxy and heteroaryloxy 
groups such as, phenyloxycarbonyloxy group, pyridyloxycarbonyl oxy group, and the like. 

[0299] The terms "pure," "purified," "substantially purified," and "isolated" as 
used herein refer to the compound of the embodiment being free of other, dissimilar 
compounds with which the compound, if found in its natural state, would be associated in its 
natural state. In certain embodiments described as "pure," "purified," "substantially 
purified," or "isolated" herein, the compound may comprise at least 0.5%, 1%, 5%, 10%, or 
20%, and most preferably at least 50% or 75% of the mass, by weight, of a given sample. 

[0300] The terms "derivative," "variant," or other similar term refers to a 
compound that is an analog of the other compound. 
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[0301] Certain of the compounds of Formula I can be obtained and purified or can 
be obtained via semi-synthesis from purified compounds as set forth herein. Generally, 
without being limited thereto, the compounds of Formula 11-15, preferably, Formulae 11-16 
(Salinosporamide A), 11-17, 11-18 and 11-19, can be obtained synthetically or by fermentation. 
Exemplary fermentation procedures are provided below Further, the compounds of structure 
11-15, preferably, Formulae 11-16, 11-17, 11-18 and 11-19 can be used as starting compounds in 
order to obtain/synthesize various of the other compounds described herein. Exemplary non- 
limiting syntheses are provided herein. 




11-18 11-19 
[0302] The compound of Formula 11-16 may be produced through a high-yield 
saline fermentation (-350 - 400 mg/L) and modifications of the conditions have yielded new 
analogs in the fermentation extracts. Additional analogs can be generated through directed 
biosynthesis. Directed biosynthesis is the modification of a natural product by adding 
biosjmthetic precursor analogs to the fermentation of producing microorganisms (Lam, et al, 
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J Antihiot (Tokyo) AAmA (1991), Lam, et al, J Antihiot (Tokyo) 54:1 (2001); which is 
hereby incorporated by reference in its entirety). 

[0303] Exposing the producing culture to analogs of acetic acid, phenylalanine, 
valine, butyric acid, shikimic acid, and halogens, preferably, other than chlorine, can lead to 
the formation of new analogs The new analogs produced can be easily detected in crude 
extracts by HPLC and LC-MS. For example, after manipulating the medium with different 
concentrations of sodium bromide, a bromo-analog, the compound of Formula 11-18, was 
successfully produced in shake-flask culture at a titer of 14 mg/L. 

[0304] A second approach to generate analogs is through biotransformation. 
Biotransformation reactions are chemical reactions catalyzed by enzymes or whole cells 
containing these enzymes. Zaks, A., Curr Opin Chem Biol 5:130 (2001). Microbial natural 
products are ideal substrates for biotransformation reactions as they are synthesized by a 
series of enzymatic reactions inside microbial cells. Riva, S., Curr Opin Chem Biol 5:106 
(2001). 

[0305] Given the structure of the described compounds, including those of 
Formula 1-15, for example, the possible biosynthetic origins are acetyl-CoA, ethylmalonyl- 
CoA, phenylalanine and chlorine. Ethylmalonyl-CoA is derived from butyryl-CoA, which 
can be derived either from valine or crotonyl-CoA. Liu, et al, Metab Eng 3:40 (2001). 
Phenylalanine is derived from shikimic acid. 

[0306] Alternatively, compounds such as structure 11-16 and its analogs may be 
produced synthetically, e.g., such as described in United States Application Serial No. 
1 1/697,689, vAdch is incorporated by reference in its entirety. 

Production of Compounds of Formulae 1-7. 11-16. U-17. U-18. 11-20. U-24C. U-26. 11-27 and 
11-28 

[0307] The production of compounds of Formulae 1-7, H-l 6, H- 1 7, E-l 8, n-20,n- 
24C, n-26, n-27 and 11-28 can be carried out by cultivating strain CNB476 and strain 
NPS21184, a natural variant of strain CNB476, in a suitable nutrient medium under 
conditions described herein, preferably under submerged aerobic conditions, until a 
substantial amount of compounds are detected in the fermentation; harvesting by extracting 
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the active components from the fermentation broth with a suitable solvent; concentrating the 
solvent containing the desired components; then subjecting the concentrated material to 
chromatographic separation to isolate the compounds from other metabolites also present in 
the cultivation medium. 

[0308] The culture (CNB476) was deposited on June 20, 2003 with the American 
Type Culture Collection (ATCC) in Rockville, MD and assigned the ATCC patent deposition 
number PTA-5275. Strain NPS21 184, a natural variant of strain CNB476, was derived from 
strain CNB476 as a single colony isolate. Strain NPS21 184 has been deposited to ATCC on 
April 27, 2005. The ATCC deposit meets all of the requirements of the Budapest treaty. The 
culture is also maintained at and available from Nereus Pharmaceutical Culture Collection at 
10480 Wateridge Circle, San Diego, CA 92121. In addition to the specific microorganism 
described herein, it should be understood that mutants, such as those produced by the use of 
chemical or physical mutagens including X-rays, etc. and organisms whose genetic makeup 
has been modified by molecular biology techniques, may also be cultivated to produce the 
starting compounds of Formulae 11-16, 11-17, and 11-18. 

Fermentation of strain CNB476 and strain NPS21 184 

[0309] Production of compounds can be achieved at temperature conducive to 
satisfactory growth of the producing organism, e.g. from 16°C to 40°C, but it is preferable to 
conduct the fermentation at 22°C to 32°C The aqueous medium can be incubated for a 
period of time necessary to complete the production of compounds as monitored by high 
pressure liquid chromatography (HPLC), preferably for a period of about 2 to 10 days, on a 
rotary shaker operating at about 50 rpm to 400 rpm, preferably at 150 rpm to 250 rpm, for 
example. The production of the compounds can also be achieved by cultivating the 
production strain in a bioreactor, such as a fermentor system that is suitable for the growth of 
the production strain. 

[0310] Growth of the microorganisms can be achieved by one of ordinary skill of 
the art by the use of appropriate medium. Broadly, the sources of carbon include glucose, 
fructose, mannose, maltose, galactose, mannitol and glycerol, other sugars and sugar 
alcohols, starches and other carbohydrates, or carbohydrate derivatives such as dextran. 
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cerelose, as well as complex nutrients such as oat flour, com meal, millet, com, and the like. 
The exact quantity of the carbon source that is utilized in the medium will depend in part, 
upon the other ingredients in the medium, but an amount of carbohydrate between 0.5 to 25 
percent by weight of the medium can be satisfactorily used, for example. These carbon 
sources can be used individually or several such carbon sources can be combined in the same 
medium, for example. Certain carbon sources are preferred as hereinafter set forth. 

[0311] The sources of nitrogen include amino acids such as glycine, arginine, 
threonine, methionine and the like, ammonium salt, as well as complex sources such as yeast 
extracts, corn steep liquors, distiller solubles, soybean meal, cotttonseed meal, fish meal, 
peptone, and the like. The various sources of nitrogen can be used alone or in combination in 
amounts ranging from 0.5 to 25 percent by weight of the medium, for example. 

[0312] Among the nutrient inorganic salts, which can be incorporated in the 
culture media, are the customary salts capable of yielding sodium, potassium, magnesium, 
calcium, phosphate, sulfate, chloride, carbonate, and like ions. Also included are trace metals 
such as cobalt, manganese, iron, molybdenum, zinc, cadmium, and the like. 

Pharmaceutical Compositions 

[0313] In one embodiment, the compounds disclosed herein are used in 
pharmaceutical compositions. The compounds preferably can be produced by the methods 

disclosed herein The compounds can be used, for example, in pharmaceutical compositions 
comprising a pharmaceutically acceptable carrier prepared for storage and subsequent 
administration. Also, embodiments relate to a pharmaceutically effective amount of the 
products and compounds disclosed above in a pharmaceutically acceptable carrier or diluent. 
Acceptable carriers or diluents for therapeutic use are well known in the pharmaceutical art, 
and are described, for example, in Remington's Pharmaceutical Sciences, Mack Publishing 
Co. (A.R. Grennaro edit. 1985), which is incorporated herein by reference in its entirety. 
Preservatives, stabilizers, dyes and even flavoring agents can be provided in the 
pharmaceutical composition. For example, sodium benzoate, ascorbic acid and esters of p- 
hydroxybenzoic acid can be added as preservatives. In addition, antioxidants and suspending 
agents can be used. 
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[0314] The compositions can be formulated and used as tablets, capsules, or 
elixirs for oral administration; suppositories for rectal administration; sterile solutions, 
suspensions for injectable administration; patches for transdermal administration, and sub- 
dermal deposits and the like. Injectables can be prepared in conventional forms, either as 
liquid solutions or suspensions, solid forms suitable for solution or suspension in liquid prior 
to injection, or as emulsions. Suitable excipients are, for example, water, saline, dextrose, 
mannitol, lactose, lecithin, albumin, sodium glutamate, cysteine hydrochloride, and the like. 
In addition, if desired, the injectable pharmaceutical compositions may contain minor 
amounts of nontoxic auxiliary substances, such as wetting agents, pH buffering agents, and 
the like. If desired, absorption enhancing preparations (for example, liposomes), can be 
utilized. 

[0315] Pharmaceutical formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form. Additionally, suspensions of the 
active compounds can be prepared as appropriate oily injection suspensions. Suitable 
lipophilic solvents or vehicles include fatty oils such as sesame oil, or other organic oils such 
as soybean, grapefruit or almond oils, or synthetic fatty acid esters, such as ethyl oleate or 
triglycerides, or liposomes. Aqueous injection suspensions may contain substances that 
increase the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or 
dextran. Optionally, the suspension may also contain suitable stabilizers or agents that 
increase the solubility of the compounds to allow for the preparation of highly concentrated 
solutions. 

[0316] Pharmaceutical preparations for oral use can be obtained by combining the 
active compounds with solid excipient, optionally grinding a resulting mixture, and 
processing the mixture of granules, after adding suitable auxiliaries, if desired, to obtain 
tablets or dragee cores. Suitable excipients are, in particular, fillers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example, maize 
starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydrox3^ropylmethyl-cellulose, sodium carboxymethylcellulose, and/or polyvinylpyrrolidone 
(PVP). If desired, disintegrating agents can be added, such as the cross-linked polyvinyl 
pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate. Dragee cores are 
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provided with suitable coatings. For this purpose, concentrated sugar solutions can be used, 
which may optionally contain gum arable, talc, polyvinyl pyrrolidone, carbopol gel, 
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents 
or solvent mixtures. Dyestuffs or pigments can be added to the tablets or dragee coatings for 
identification or to characterize different combinations of active compound doses. For this 
purpose, concentrated sugar solutions can be used, which may optionally contain gum arable, 
talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, 
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments 
can be added to the tablets or dragee coatings for identification or to characterize different 
combinations of active compound doses. Such formulations can be made using methods 
known in the art (see, for example, U.S. Patent Nos. 5,733,888 (injectable compositions); 
5,726,181 (poorly water soluble compounds); 5,707,641 (therapeutically active proteins or 
peptides); 5,667,809 (lipophilic agents); 5,576,012 (solubilizing polymeric agents); 5,707,615 
(anti-viral formulations); 5,683,676 (particulate medicaments); 5,654,286 (topical 
formulations); 5,688,529 (oral suspensions); 5,445,829 (extended release formulations); 
5,653,987 (liquid formulations); 5,641,515 (controlled release formulations) and 5,601,845 
(spheroid formulations); all of which are incorporated herein by reference in their entireties. 

[0317] Further disclosed herein are various pharmaceutical compositions well 
known in the pharmaceutical art for uses that include topical, intraocular, intranasal, and 
intraauricular delivery. Pharmaceutical formulations include aqueous ophthalmic solutions 
of the active compounds in water-soluble form, such as eyedrops, or in gellan gum (Shedden 
et al., Clin. Ther., 23 (3): 440-50 (2001)) or hydrogels (Mayer et al., Ophthalmologica, 
210(2): 101-3 (1996)); ophthalmic ointments; ophthalmic suspensions, such as 
microparticulates, drug-containing small polymeric particles that are suspended in a liquid 
carrier medium (Joshi, A. 1994 J Ocul Pharmacol 10:29-45), lipid-soluble formulations 
(Aim et al.. Prog. Clin. Biol. Res., 312:447-58 ^989)), and microspheres (Mordenti, Toxicol. 
Sci., 52(l):101-6 (1999)); and ocular inserts. All of the above-mentioned references, are 
incorporated herein by reference in their entireties. Such suitable pharmaceutical 
formulations are most often and preferably formulated to be sterile, isotonic and buffered for 
stability and comfort. Pharmaceutical compositions may also include drops and sprays often 
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prepared to simulate in many respects nasal secretions to ensure maintenance of normal 
ciliary action. As disclosed in Remington's Pharmaceutical Sciences (Mack Publishing, 18* 
Edition), which is incorporated herein by reference in its entirety, and well-known to those 
skilled in the art, suitable formulations are most often and preferably isotonic, slightly 
buffered to maintain a pH of 5.5 to 6.5, and most often and preferably include anti-microbial 
preservatives and appropriate drug stabilizers. Pharmaceutical formulations for intraauricular 
delivery include suspensions and ointments for topical application in the ear. Common 
solvents for such aural formulations include glycerin and water. 

[0318] To formulate the compounds of Formulae I and n as an anti-cancer agent, 
known surface active agents, excipients, smoothing agents, suspension agents and 
pharmaceutically acceptable film-forming substances and coating assistants, and the like can 
be used. Preferably alcohols, esters, sulfated aliphatic alcohols, and the like can be used as 
surface active agents; sucrose, glucose, lactose, starch, ciystallized cellulose, mannitol, light 
anhydrous silicate, magnesium aluminate, magnesium methasilicate aluminate, synthetic 
aluminum silicate, calcium carbonate, sodium acid carbonate, calcium hydrogen phosphate, 
calcium carboxymethyl cellulose, and the like can be used as excipients; magnesium stearate, 
talc, hardened oil and the like can be used as smoothing agents; coconut oil, olive oil, sesame 
oil, peanut oil, soya can be used as suspension agents or lubricants; cellulose acetate 
phthalate as a derivative of a carbohydrate such as cellulose or sugar, or methylacetate- 
methacrylate copolymer as a derivative of polyvinyl can be used as suspension agents; and 
plasticizers such as ester phthalates and the like can be used as suspension agents. In addition 
to the foregoing preferred ingredients, sweeteners, fragrances, colorants, preservatives and 
the like can be added to the administered formulation of the compound produced by the 
method of the embodiment, particularly when the compound is to be administered orally. 

[0319] When used as an anti-cancer compound, for example, the compounds of 
Formulae I and n or compositions including compounds of Formulae I and n can be 
administered by either oral or non-oral pathways. When administered orally, it can be 
administered in capsule, tablet, granule, spray, syrup, or other such form. When administered 
non-orally, it can be administered as an aqueous suspension, an oily preparation or the like or 
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as a drip, suppository, salve, ointment or the like, when administered via injection, 
subcutaneously, intraperitoneally, intravenously, intramuscularly, or the like. 

[0320] In one embodiment, the anti-cancer agent can be mixed with additional 
substances to enhance their effectiveness. 

Methods of Administration 

[0321] In an alternative embodiment, the disclosed chemical compounds and the 
disclosed pharmaceutical compositions are administered by a particular method as an anti- 
cancer, anti-microbial or anti-inflammatory. Such methods include, among others, (a) 
administration though oral pathways, which administration includes administration in 
capsule, tablet, granule, spray, syrup, or other such forms; (b) administration through non-oral 
pathways, which administration includes administration as an aqueous suspension, an oily 
preparation or the like or as a drip, suppository, salve, ointment or the like; administration via 
injection, subcutaneously, intraperitoneally, intravenously, intramuscularly, intradermally, or 
the like; as well as (c) administration topically, (d) administration rectally, or (e) 
administration vaginally, as deemed appropriate by those of skill in the art for bringing the 
compound of the present embodiment into contact with living tissue; and (f) administration 
via controlled released formulations, depot formulations, and infusion pump delivery. As 
further examples of such modes of administration and as further disclosure of modes of 
administration, disclosed herein are various methods for administration of the disclosed 
chemical compounds and pharmaceutical compositions including modes of administration 
through intraocular, intranasal, and intraauricular pathways. 

[0322] The pharmaceutically effective amount of the compositions that include 
the described compounds required as a dose will depend on the route of administration, the 
type of animal, including human, being treated, and the physical characteristics of the specific 
animal under consideration. The dose can be tailored to achieve a desired effect, but will 
depend on such factors as weight, diet, concurrent medication and other factors which those 
skilled in the medical arts will recognize. In a typical embodiment, a compound represented 
by Formulae I and H can be administered to a patient in need of an anti-cancer agent, until the 
need is effectively reduced or preferably removed. 
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[0323] In practicing the methods of the embodiment, the products or 
compositions can be used alone or in combination with one another, or in combination with 
other therapeutic or diagnostic agents. These products can be utilized in vivo, ordinarily in a 
mammal, preferably in a human, or in vitro. In employing them in vivo, the products or 
compositions can be administered to the mammal in a variety of ways, including parenterally, 
intravenously, subcutaneously, intramuscularly, colonically, rectally, vaginally, nasally or 
intraperitoneally, employing a variety of dosage forms. Such methods may also be applied to 
testing chemical activity in vivo. 

[0324] As will be readily apparent to one skilled in the art, the useful in vivo 
dosage to be administered and the particular mode of administration will vary depending 
upon the age, weight and mammalian species treated, the particular compounds employed, 
and the specific use for which these compounds are employed. The determination of 
effective dosage levels, that is the dosage levels necessary to achieve the desired result, can 
be accomplished by one skilled in the art using routine pharmacological methods. Typically, 
human clinical applications of products are commenced at lower dosage levels, with dosage 
level being increased until the desired effect is achieved. Alternatively, acceptable in vitro 
studies can be used to establish useful doses and routes of administration of the compositions 
identified by the present methods using established pharmacological methods. 

[0325] In non-human animal studies, applications of potential products are 
commenced at higher dosage levels, with dosage being decreased until the desired effect is no 
longer achieved or adverse side effects disappear. The dosage may range broadly, depending 
upon the desired affects and the therapeutic indication. Typically, dosages can be between 
about 10 mg/kg and 100 mg/kg body weight, preferably between about 100 mg/kg and 10 
mg/kg body weight. Alternatively dosages can be based and calculated upon the surface area 
of the patient, as understood by those of skill in the art. Administration is preferably oral on 
a daily or twice daily basis. 

[0326] The exact formulation, route of administration and dosage can be chosen 
by the individual physician in view of the patient's condition. See for example, Fingl et al, in 
The Pharmacological Basis of Therapeutics, 1975, which is incorporated herein by reference 
in its entirety. It should be noted that the attending physician would know how to and when 
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to terminate, intermpt, or adjust administration due to toxicity, or to organ dysfunctions. 
Conversely, the attending physician would also know to adjust treatment to higher levels if 
the clinical response were not adequate (precluding toxicity). The magnitude of an 
administrated dose in the management of the disorder of interest will vary with the severity of 
the condition to be treated and to the route of administration. The severity of the condition 
may, for example, be evaluated, in part, by standard prognostic evaluation methods. Further, 
the dose and perhaps dose frequency, will also vary according to the age, body weight, and 
response of the individual patient. A program comparable to that discussed above can be 
used in veterinary medicine. 

[0327] Depending on the specific conditions being treated, such agents can be 
formulated and administered systemically or locally. A variety of techniques for formulation 
and administration can be found in Remington's Pharmaceutical Sciences, 18th Ed., Mack 
Publishing Co., Easton, PA (1990), which is incorporated herein by reference in its entirety. 
Suitable administration routes may include oral, rectal, transdermal, vaginal, transmucosal, or 
intestinal administration; parenteral delivery, including intramuscular, subcutaneous, 
intramedullary injections, as well as intrathecal, direct intraventricular, intravenous, 
intraperitoneal, intranasal, or intraocular injections. 

[0328] For injection, the agents of the embodiment can be formulated in aqueous 
solutions, preferably in physiologically compatible buffers such as Hanks' solution. Ringer's 
solution, or physiological saline buffer. For such transmucosal administration, penetrants 
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are 
generally known in the art. Use of pharmaceutically acceptable carriers to formulate the 
compounds herein disclosed for the practice of the embodiment into dosages suitable for 
systemic administration is within the scope of the embodiment. With proper choice of carrier 
and suitable manufacturing practice, the compositions disclosed herein, in particular, those 
formulated as solutions, can be administered parenterally, such as by intravenous injection. 
The compounds can be formulated readily using pharmaceutically acceptable carriers well 
known in the art into dosages suitable for oral administration. Such carriers enable the 
compounds of the embodiment to be formulated as tablets, pills, capsules, liquids, gels, 
syrups, slurries, suspensions and the like, for oral ingestion by a patient to be treated. 
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[0329] Agents intended to be administered intracellularly can be administered 
using techniques well known to those of ordinary skill in the art. For example, such agents 
can be encapsulated into liposomes, then administered as described above. All molecules 
present in an aqueous solution at the time of liposome formation are incorporated into the 
aqueous interior. The liposomal contents are both protected from the external micro- 
environment and, because liposomes fiise with cell membranes, are efficiently delivered into 
the cell cytoplasm. Additionally, due to their hydrophobicity, small organic molecules can be 
directly administered intracellularly. 

[0330] Determination of the effective amounts is well within the capability of 
those skilled in the art, especially in light of the detailed disclosure provided herein. In 
addition to the active ingredients, these pharmaceutical compositions may contain suitable 
pharmaceutically acceptable carriers comprising excipients and auxiliaries which facilitate 
processing of the active compounds into preparations which can be used pharmaceutically. 
The preparations formulated for oral administration can be in the form of tablets, dragees, 
capsules, or solutions. The pharmaceutical compositions can be manufactured in a manner 
that is itself known, for example, by means of conventional mixing, dissolving, granulating, 
dragee-making, levitating, emulsifying, encapsulating, entrapping, or lyophilizing processes. 

[0331] Compounds disclosed herein can be evaluated for efficacy and toxicity 
using known methods. For example, the toxicology of a particular compound, or of a subset 
of the compounds, sharing certain chemical moieties, can be established by determining in 
vitro toxicity towards a cell line, such as a mammalian, and preferably human, cell line. The 
results of such studies are often predictive of toxicity in animals, such as mammals, or more 
specifically, humans. Alternatively, the toxicity of particular compounds in an animal model, 
such as mice, rats, rabbits, dogs or monkeys, can be determined using known methods. The 
efficacy of a particular compound can be established using several art recognized methods, 
such as in vitro methods, animal models, or human clinical trials. Art-recognized in vitro 
models exist for nearly every class of condition, including the conditions abated by the 
compounds disclosed herein, including cancer, cardiovascular disease, and various immune 
dysfunction, and infectious diseases. Similarly, acceptable animal models can be used to 
establish efficacy of chemicals to treat such conditions. When selecting a model to determine 
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efficacy, the skilled artisan can be guided by the state of the art to choose an appropriate 
model, dose, and route of administration, and regime. Of course, human clinical trials can 
also be used to determine the efficacy of a compound in humans. 

[0332] In the case of using a compound produced by methods of the embodiment 
as a biochemical test reagent, the compound produced by methods of the embodiment 
inhibits the progression of the disease when it is dissolved in an organic solvent or hydrous 
organic solvent and it is directly applied to any of various cultured cell systems. Usable 
organic solvents include, for example, methanol, methylsulfoxide, and the like. The 
formulation can, for example, be a powder, granular or other solid inhibitor, or a liquid 
inhibitor prepared using an organic solvent or a hydrous organic solvent. While a preferred 
concentration of the compound produced by the method of the embodiment for use as an 
anticancer compound is generally in the range of about 1 to about 100 |ig/mL, the most 
appropriate use amount varies depending on the type of cultured cell system and the purpose 
of use, as will be appreciated by persons of ordinary skill in the art. Also, in certain 
applications it can be necessary or preferred to persons of ordinary skill in the art to use an 
amount outside the foregoing range. 

[0333] As will be understood by one of skill in the art, "need" is not an absolute 
term and merely implies that the patient can benefit from the treatment of the anti-cancer 
agent in use. By "patienf ' what is meant is an organism that can benefit by the use of an anti- 
cancer agent For example, any organism with cancer, such as, pancreatic cancer. In one 
embodiment, the patient's health may not require that an anti -cancer agent be administered, 
however, the patient may still obtain some benefit by the reduction of the level of cancer cells 
present in the patient, and thus be in need. In one embodiment, the anti- anti-cancer agent is 
effective against one type of cancer, but not against other types; thus, allowing a high degree 
of selectivity in the treatment of the patient. In choosing such an anti-cancer agent, the 
methods and results disclosed in the Examples can be useful. In still further embodiments, 
the anti-cancer agent is effective against a broad spectrum of cancers or all cancers. Examples 
of cancers, against which the compounds can be effective include pancreatic cancer, a 
colorectal carcinoma, a prostate carcinoma, a breast adenocarcinoma, a non-small cell lung 
carcinoma, an ovarian carcinoma, multiple myelomas, a melanoma, and the like. 
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[0334] "Therapeutically effective amount," "pharmaceutically effective amount," 
or similar term, means that amount of drug or pharmaceutical agent that will result in a 
biological or medical response of a cell, tissue, system, animal, or human that is being 
sought. In a preferred embodiment, the medical response is one sought by a researcher, 
veterinarian, medical doctor, or other cUnician. 

[0335] "Anti-cancer agenf refers to a compound or composition including the 
compound that reduces the likelihood of survival of a cancer cell. In one embodiment, the 
likelihood of survival is determined as a function of an individual cancer cell; thus, the anti- 
cancer agent will increase the chance that an individual cancer cell will die. In one 
embodiment, the likelihood of survival is determined as a function of a population of cancer 
cells; thus, the anti-cancer agent will increase the chances that there will be a decrease in the 
population of cancer cells. In one embodiment, anti -cancer agent means chemotherapeutic 
agent or other similar tenn. 

[0336] A "chemotherapeutic agenf is a chemical compound useful in the 
treatment of a neoplastic disease, such as cancer. Examples of chemotherapeutic agents 
include alkylating agents, such as a nitrogen mustard, an ethyleneimine and a 
methylmelamine, an alkyl sulfonate, a nitrosourea, and a triazene, folic acid antagonists, anti- 
metabolites of nucleic acid metabolism, antibiotics, pyrimidine analogs, 5-fluorouracil, 
cisplatin, purine nucleosides, amines, amino acids, triazol nucleosides, corticosteroids, a 
natural product such as a vinca alkaloid, an epipodophyllotoxin, an antibiotic, an enzyme, a 
taxane, and a biological response modifier or antibodies to biological response modifiers or 
other agents; miscellaneous agents such as a platinum coordination complex, an 
anthracenedione, an anthracycline, a substituted urea, a methyl hydrazine derivative, or an 
adrenocortical suppressant; or a hormone or an antagonist such as an adrenocorticosteroid, a 
progestin, an estrogen, an antiestrogen, an androgen, an antiandrogen, or a gouadotropin- 
releasing hormone analog. Specific examples include Adriamycin, Doxorubicin, 5- 
Fluorouracil, Cytosine arabinoside ("Ara-C"), Cyclophosphamide, Thiotepa, Busulfan, 
Cytoxin, Taxol, Toxotere, Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, 
Etoposide, Ifosfamide, Mitomycin C, Mitoxantrone, Vincreistine, Vinorelbine, Carboplatin, 
Teniposide, Daunomycin, Carminomycin, Aminopterin, Dactinomycin, Mitomycins, 
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Esperamicins, Melphalan, and other related nitrogen mustards. Also included in this 
definition are hormonal agents that act to regulate or inhibit hormone action on tumors, such 
as tamoxifen and onapristone. 

[0337] Additional examples of such chemotherapeutics include alkaloids, 
alkylating agents, antibiotics, antimetabolites, enzymes, hormones, platinum compounds, 
immunotherapeutics (antibodies, T-cells, epitopes), BRMs, and the like. Examples include, 
Vincristine, Vinblastine, Vindesine, Paclitaxel (Taxol), Docetaxel, topoisomerase inhibibitors 
epipodophyllotoxins (Etoposide (VP- 16), Camptothecin, nitrogen mustards 
(cyclophosphamide Cytoxan), Nitrosoureas, Carmustine, lomustine, dacarbazine, 
hydroxymethylmelamine, thiotepa and mitocycin C, Dactinomycin (Actinomycin D), 
anthracycline antibiotics (Daunorubicin, Daunomycin, Cerubidine), Doxorubicin 
(Adriamycin), Idarubicin (Idamycin), Anthracenediones (Mitoxantrone), Bleomycin 
(Blenoxane), Plicamycin (Mithramycin, Antifolates (Methotrexate (Folex, Mexate)), purine 
antimetabolites (6-mercaptopurine (6-MP, Purinethol) and 6- thioguanine (6-TG). The two 
major anticancer drugs in this category are 6-mercaptopurine and 6-thioguanine, 
Chlorodeoxyadenosine and Pentostatin, Pentostatin (2'-deoxycoformycin), pyrimidine 
antagonists, Avastin, Leucovorin, Oxaliplatin, fluoropyrimidines (5-fluorouracil(Adrucil), 5- 
fluorodeoxyuridine (FdUrd) (Floxuridine)), Cytosine Arabinoside (Cytosar, ara-C), 
Fludarabine, L-asparaginase, Hydroxyurea, glucocorticoids, antiestrogens, tamoxifen, 
nonsteroidal antiandrogens, flutamide, aromatase inhibitors Anastrozole(Arimidex), 
Cisplatin, 6-Mercaptopurine and Thioguanine, Methotrexate, Cytoxan, Cytarabine, L- 
Asparaginase, Steroids: Prednisone and Dexamethasone, bevacizumab, and gemcitabine. 
Also, proteasome inhibitors such as bortezomib and carfilzomib (PR-171) can be used in 
combination with the instant compounds, for example. Examples of biologies can include 
agents such as TRAIL, antibodies to TRAIL and agonistic antibodies TRAIL death receptors 
DR4 and DR5, integrins such as alpha- V-beta-3 (aV33) and / or other cytokine/growth 
factors that are involved in angiogenesis, VEGF, EGF, FGF and PDGF and antibodies to 
these cytokines/growth factors such as Erbitux. In some aspects, the compounds can be 
conjugated to or delivered with an antibody. 
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[0338] In some embodiments, the additional chemotherapeutic is a histone 
deacetylase inhibitor (HDACi). In various embodiments, the HDACi is selected from the 

group consisting of: 

O 



CCr" 



NH 



(pyridin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate 
(MS-275 or SNDX-275), 



APHA compound 8, 




(CH2)5COC2H5 



apicidin. 



(-)-Depudecin, 
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panobinostat, and 



a' 

vorinostat (suberoylanilide hydroxamic acid (SAHA)). 
[0339] In other embodiments, the additional chemotherapeutic is a vascular 
disrupting agents (VDA). Examples of such VDAs include combratostatin CA4P and NPI- 
2358. NPI-2358 is represented by the following formula: 
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NPI-2358 



[0340] The anti-cancer agent may act directly upon a cancer cell to kill the cell, 
induce death of the cell, to prevent division of the cell, and the like. Alternatively, the anti- 
cancer agent may indirectly act upon the cancer cell by limiting nutrient or blood supply to 
the cell, for example. Such anti-cancer agents are capable of destroying or suppressing the 
growth or reproduction of cancer cells, such as a colorectal carcinoma, a prostate carcinoma, 
a breast adenocarcinoma, a non-small cell lung carcinoma, an ovarian carcinoma, multiple 
myelomas, a melanoma, and the like. 

[0341] In one embodiment, a described compound, preferably a compound having 
the Formula I, including those as described herein, is considered an effective anti-cancer 
agent if the compound can influence 10% of the cancer cells, for example. In a more 
preferred embodiment, the compound is effective if it can influence 10 to 50% of the cancer 
cells. In an even more preferred embodiment, the compound is effective if it can influence 
50-80% of the cancer cells. In an even more preferred embodiment, the compound is 
effective if it can influence 80-95% of the cancer cells. In an even more preferred 
embodiment, the compound is effective if it can influence 95-99% of the cancer cells. 
"Influence" is defined by the mechanism of action for each compound. For example, if a 
compound prevents the division of cancer cells, then influence is a measure of prevention of 
cancer cell division. Not all mechanisms of action need be at the same percentage of 
effectiveness. In an alternative embodiment, a low percentage effectiveness can be desirable 
if the lower degree of effectiveness is offset by other factors, such as the specificity of the 
compound, for example. Thus a compound that is only 10% effective, for example, but 
displays little in the way of harmful side-effects to the host, or non-harmfial microbes or cells, 
can still be considered effective. 
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[0342] In one embodiment, the compounds described herein are administered 
simply to remove cancer cells and need not be administered to a patient. For example, the 
compounds can be administered ex vivo to a cell sample, such as a bone marrow or stem cell 
transplant to ensure that only non-cancerous cells are introduced into the recipient. After the 
compounds are administered they may optionally be removed. Whether or not this is an 
option will depend upon the relative needs of the situation and the risks associated with the 
compound, which in part can be determined as described in the Examples below. 

[0343] The following non-limiting examples are meant to describe the preferred 
embodiments of the methods. Variations in the details of the particular methods employed 
and in the precise chemical compositions obtained will undoubtedly be appreciated by those 
of skill in the art. 

EXAMPLES 
EXAMPLE 1 

FERMENTATION OF COMPOUND OF FORMULAE 1-7, 11-16, H-l?, n-20, n-24C, R-26 
AND 11-28 USING STRAIN CNB476 
[0344] Strain CNB476 was grown in a 500-mL flask containing 100 mL of 
vegetative medium consisting of the following per liter of deionized water: glucose, 4 g; 
Bacto tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (Instant Ocean, Aquarium 
Systems), 30 g. The first seed culture was incubated at 28°C for 3 days on a rotary shaker 
operating at 250 rpm. Five mL each of the first seed culture was inoculated into three 500-ml 
flasks containing of 100 mL of the vegetative medium. The second seed cultures were 
incubated at 28°C and 250 rpm on a rotary shaker for 2 days. Five mL each of the second 
seed culture was inoculated into thirty-five 500-mL flasks containing of 100 mL of the 
vegetative medium. The third seed cultures were incubated at 28°C and 250 rpm on a rotary 
shaker for 2 days. Five mL each of the third seed culture was inoculated into four hundred 
500-mL flasks containing 100 mL of the Production Medium A consisting of the following 
per liter of deionized water: starch, 10 g; yeast extract, 4 g; Hy-Soy, 4 g; ferric sulfate, 40 mg; 
potassium bromide, 100 mg; calcium carbonate, 1 g; and synthetic sea salt (Instant Ocean, 
Aquarium Systems), 30 g. The production cultures were incubated at 28°C and 250 rpm on 
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roatry shakers for 1 day. Approximately 2 to 3 grams of sterile Amberlite XAD-7 resin were 
added to the production cultures. The production cultures were further incubated at 28°C and 
250 rpm on rotary shakers for 5 days and achieved a titer of Compound 11-16 of about 200 
mg/L. The culture broth was filtered through cheese cloth to recover the Amberlite XAD-7 
resin. The resin was extracted with 2 times 6 liters ethyl acetate followed by 1 time 1 5 liters 
ethyl acetate. The combined extracts were dried in vacuo. The dried extract, containing 3.8 
grams the compound of Formula 11-16 and lesser quantities of compounds of formulae 11-20 
and n-24C, was then processed for the recovery of the compounds of Formula 1-7, 11-16, 11- 
20, n-24C, n-26 and n-28. 

EXAMPLE 2 

FERMENTATION OF COMPOUNDS 1-7, n-16, 11-17, n-20, II-24C, 11-26 AND n-28 
USING STRAIN NPS21 184 
[0345] Strain NPS21184 was grown in a 500-mL flask containing 100 mL of 
vegetative medium consisting of the following per liter of deionized water: glucose, 8 g; 
yeast extract, 6 g; Hy-Soy, 6 g; and synthetic sea salt (Instant Ocean, Aquarium Systems), 30 
g. The first seed culture was incubated at 28°C for 3 days on a rotary shaker operating at 250 
rpm. Five mL of the first seed culture was inoculated into 500-mL flask containing of 100 
mL of the vegetative medium. The second seed cultures were incubated at 28°C and 250 rpm 
on a rotary shaker for 2 days. Five mL each of the second seed culture was inoculated into 
500-mL flask containing of 100 mL of the vegetative medium. The third seed cultures were 
incubated at 28°C and 250 rpm on a rotar>' shaker for 2 days. Five mL each of the third seed 
culture was inoculated into 500-mL flask containing 100 mL of the Production Medium B 
consisting of the following per liter of deionized water: starch, 20 g; yeast extract, 4 g; Hy- 
Soy, 8 g, ferric sulfate, 40 mg; potassium bromide, 100 mg, calcium carbonate, 1 g, and 
synthetic sea salt (Instant Ocean, Aquarium Systems), 30 g. The production cultures were 
incubated at 28°C and 250 rpm on rotary shakers for 1 day. Approximately 2 to 3 grams of 
sterile Amberlite XAD-7 resin were added to the production culture. The production culture 
was further incubated at 28°C and 250 rpm on rotary shaker for 4 days and achieved a titer of 
350 - 400 mg/L for Compound 0-16. 
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[0346] Alternatively, the production of the compounds can be achieved in a 42L 
fermentor system using strain NPS21184. Strain NPS21184 was grown in a 500-mL flask 
containing 100 mL of vegetative medium consisting of the following per liter of deionized 
water: glucose, 8 g; yeast extract, 6 g; Hy-Soy, 6 g; and synthetic sea salt (Instant Ocean, 
Aquarium Systems), 30 g The first seed culture was incubated at 28°C for 3 days on a rotary 
shaker operating at 250 rpm. Five mL of the first seed culture was inoculated into 500-mL 
flask containing of 100 mL of the vegetative medium. The second seed cultures were 
incubated at 28°C and 250 rpm on a rotary shaker for 2 days. Twenty mL each of the second 
seed culture was inoculated into 2.8 L Fernbach flask containing of 400 mL of the vegetative 
medium. The third seed cultures were incubated at 28°Cand 250 rpm on a rotary shaker for 2 
days. 1 .2 L of the third seed culture was inoculated into a 42 L fermentor containing 26 L of 
Production Medium A. Production Medium B and Production Medium C, with the following 
composition, can also be used. Production Medium C consisting of the following per liter of 
deionized water: starch, 15 g; yeast extract 6 g; Hy-Soy, 6 g; ferric sulfate, 40 mg; potassium 
bromide, 100 mg; calcium carbonate, 1 g; and synthetic sea salt (Instant Ocean, Aquarium 
Systems), 30 g. The fermentor cultures were operated at the following parameters: 
temperature, 28°C; agitation, 200 rpm; aeration, 13 L/min and back pressure, 4.5 psi. At 36 
to 44 hours of the production cycle, approximately 600 grams of sterile Amberlite XAD-7 
resin were added to the fermentor culture. The production culture was further incubated at 
the above operating parameters until day 4 of the production cycle. The aeration rate was 
lowered to 8 L/min. At day 5 of the production cycle, the fermentor culture achieved a titer 
of about 300 mg/L for Compound 11-16. The culture broth was filtered through cheese cloth 
to recover the Amberlite XAD-7 resin. The resin was extracted with 2 times 4.5 liters ethyl 
acetate followed by 1 time 1.5 liters ethyl acetate. The combined extracts were dried in 
vacuo. The dried extract was then processed for the recovery of the Compounds of Formulae 
1-7, n-16, n-17, n-20, n-24C, n-26 and n-28. 
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EXAMPLE 3 

PURIFICATION OF COMPOUND OF FORMULAE 1-7, 0-16, n-20, n-24C, 0-26 AND H- 
28 

3 A: Purification of Compound of Formulae n-16. n-20. II-24C. n-26 and n-28 

[0347] The pure compounds of Formulae 11-16, n-20 II-24C, n-26 and 11-28 were 
obtained by flash chromatography followed by HPLC. Eight grams crude extract containing 
3.8 grams of the compound of Formula 0-16 and lesser quantities of n-20, II-24C, n-26 and 
n-28 was processed by flash chromatography using Biotage Flash40i system and Flash 40M 
cartridge (KP-Sil Silica, 32-63 \im, 90 grains). The flash chromatography was developed by 
the following step gradient: 



1. 


Hexane (IL) 


2. 


10% Ethyl acetate in hexane (1 L) 




20% Ethyl acetate in hexane, first elution (1 L) 


4. 


20% Ethyl acetate in hexane, second elution (1 L) 


5. 


20% Ethyl acetate in hexane, third elution (1 L) 


6. 


25% Ethyl acetate in hexane (1 L) 


7. 


50% Ethyl acetate in hexane (1 L) 


8. 


Ethyl acetate (1 L) 



[0348] Fractions containing the compound of Formula n-16 in greater or equal to 
70% UV purity by HPLC were pooled and subject to HPLC purification, as described below, 
to obtain n-16, along with n-20 and n-24C, each as pure compounds 



Column 


Phenomenex Luna 10 ^m Silica 


Dimensions 


25 cm X 21.2 mm ID 


Flow rate 


25 mL/min 


Detection 


ELSD 


Solvent 


Gradient of 24% EtOAc/hexane for 19 min, 
24% EtOAc/hexane to 100%EtOAc in 1 
min, then 100% EtOAc for 4 min 
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[0349] The fraction enriched in compound of Formula 11-16 (described above; ~ 
70% pure with respect to 11-16) was dissolved in acetone (60 mg/mL). Aliquots (950 ]iV) of 
this solution were injected onto a normal-phase HPLC column using the conditions described 
above. Compound 11-16 typically eluted after 14 minutes and compounds TL-24C and 11-26 co- 
eluted as a single peak at 11 min. When parent samples containing compounds 11-17, n-20 
and n-28 were processed, compound 11-17 eluted at 22 minutes, while 11-20 and 11-28 co- 
eluted at 23 minutes during the 100% ethyl acetate wash. Fractions containing compound 11- 
16 and minor analogs were pooled based on composition of compounds present, and 
evaporated under reduced pressure on a rotary evaporator. This process yielded pure 
Compound A, as well as separate fractions containing minor compounds 11-20, n-24C, 11-26 
and n-28, which were further purified as described below. 

[0350] Sample containing II-24C and 11-26 generated from the process described 
above were further separated using reversed-phase preparative HPLC as follows. The sample 
containing U-24C (70 mg) was dissolved in acetonitrile at a concentration of 10 mg/mL, and 
500 ^iL was loaded on an HPLC column of dimensions 21 mm i.d. by 15 cm length 
containing Eclipse XDB-C18 support. The solvent gradient increased linearly from 15% 
acetonitrile /85% water to 100% acetonitrile over 23 minutes at a flow rate of 14.5 mL/min. 
The solvent composition was held at 100% acetonitrile for 3 minutes before returning to the 
starting solvent mixture. Compound 11-26 eluted at 17.5 minutes while compound n-24C 
eluted at 19 minutes under these conditions. 

[0351] Crystalline 11-26 was obtained using a vapor difflision method. Compound 
11-26 (15 mg) was dissolved in 100 [\L of acetone in a 1.5 mL v-bottom HPLC vial. This vial 
was then placed inside a larger sealed vessel containing 1 mL of pentane. Crystals suitable 
for X-ray crystallography experiments were observed along the sides and bottom of the inner 
vial after 48 hours of incubation at 4°C. Crystallography data was collected on a Bruker 
SMART APEX CCD X-ray diffractometer (F(000)= 2656, MoKa radiation, ?i=0.71073 A, 
11=0.264 mm"\ T=100K ) at the UCSD Crystallography Lab and the refinement method used 
was full-matrix least-squares on Crystal data NPl-2065: C15H20CINO4, MW=3 13.77, 
tetragonal, space group P4(l)2(l)2, a= b=l 1.4901(3) A, c= 46.444(2) A, a=p=y=90°. 
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vol=6131.6(3) Z=16, pcaicd=l-360 g cm'^ crystal size, 0.30 x 0.15 x 0.07 mm^, 9 range, 
1.75-26.00°, 35367 reflections collected, 6025 independent reflections (Ri„t=0.0480), final R 
indices (I>2g(I)): Ri=0.0369, wR2=0.0794, GOF=1.060. 

[0352] In order to separate 11-28 from II-20, a reverse-phase isocratic method was 
employed. Sample (69.2 mg) containing both compounds was dissolved in acetonitrile to a 
concentration of 10 mg/mL, and 500 \xL was loaded on a reverse-phase HPLC column (ACE 
5 C18-HL, 15 cm X 21 mm ID) per injection. An isocratic solvent system of 27% 
acetonitrile/ 63% water at flow rate of 14.5 mL/min was used to separate compounds 11-28 
and n-20, which eluted after 14 and 16 minutes, respectively. Fractions containing 
compounds of interest were immediately evaporated under reduced pressure at room 
temperature on a rotary evaporator. Samples were then loaded onto a small column of silica 
and eluted with 10 mL of 70% hexane/30% acetone to remove additional impurities. 

[0353] Samples generated from the preparative normal-phase HPLC method 
described above that contained 11-20, but which were free of 11-28 could also be triturated 
with 100% EtOAc to remove minor lipophilic impurities. 

[0354] Compound of Formula n-16: UV (Acetonitrile/H20) A^a-x 225(sh) nm. 
Low Res. Mass: m/z 314 (M+H), 336 (M+Na). 

[0355] Compound of Formula n-20: UV (Acetonitrile/H20) ;^m,ix 225(sh) nm. 
Low Res. Mass: m/z 266 (M+H); HRMS (ESI), m/z 266.1396 (M+H), Acaic= 1.2 ppm. 

[0356] Compound of Formula n-24C: UV (Acetonitrile/HzO) Amax 225(sh) nm. 
Low Res. Mass: m/z 328 (M+H), 350 (M+Na); HRMS (ESI), m/z 328.1309 (M+H), Acaic= - 
2.0 ppm, Ci6H2.-5N04Cl. 

[0357] Compound of Formula n-26: UV (Acetonitrile/HjO) A^ax 225(sh) nm; 
HRMS (ESI), m/7 314.1158 (M+H), Acaic= -0.4 ppm, C15H21NO4CI. 

[0358] Compound of Formula 11-28: UV (Acetonitrile/H20) A^ax 225(sh) nm; 
HRMS (ESI), m/z 266. 1388 (M+H), Acaic= -1.8 ppm, C14H20NO4. 

3B: Purification of C ompound of Formula 1-7 

[0359] A Biotage Flash 75Li system with a Flash 75L KP-Sil cartridge was used 
to process the filtered crude extract (10.0 g), enriched in Compound n-16 and containing 
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Compound of Formula T-7 The crude extract was dissolved to a concentration of 107 
mg/mL in acetone and loaded directly onto the cartridge. The following solvent step gradient 
was then run through the cartridge at a flow rate between 235 mL/min and 250 mL/min 

1 . 1 0% EtOAc in n-Heptane (3 .2 L) 
2 25% EtOAc in n-Heptane (1 6 L) 
3 . 3 0% EtOAc in n-Heptane (5 .4 L) 

[0360] Fractions enriched in Compound 11-16 were pooled and concentrated by 
rotavapor until ~ 5% of the total pooled volume of solvent remained. The solvent was 
removed, leaving behind the white solid. 

[0361] A crystallization was then performed on the solid by dissolving the sample 
(4.56 g) in 1:1 acetone :n-heptane (910 mL). The solvent was slowly evaporated using a 
rotary evaporator until the solvent was reduced to about 43% of its original volume. The 
solution (supernatant) was removed and concenlrated (598 mg). 

[0362| The supernatant was dissolved in acetone (80 mg/mL). Aliquots (500 ^L) 
of this solution were injected onto a normal-phase HPLC column using the conditions 
described above for normal phase purification of Compounds 11-16, n-24C, 11-26 and 11-28. 
Compound of Formula 1-7 eluted at 7.5 minutes as a pure compound. 

[0363] Compound of Formula 1-7 (FIG. 58): UV (Acetonitrile/HzO) ^ax 225(sh) 
nm. Low Res. Mass: m/z 298 (M+H), 320 (M+Na). 

EXAMPLE 4 

FERMENTATION OF COMPOUNDS OF FORMULAE 11-17, n-18, AND n-27 
[0364] Strain CNB476 was grown in a 500-mL flask containing 100 mL of the 
first vegetative medium consisting of the following per liter of deionized water: glucose, 4 g; 
Bacto tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (Instant Ocean, Aquarium 
Systems), 30 g. The first seed culture was incubated at 28 C for 3 days on a rotary shaker 
operating at 250 rpm. Five mL of the first seed culture was inoculated into a 500-mL flask 
containing 100 mL of the second vegetative medium consisting of the following per liter of 
deionized water: starch, 10 g; yeast extract, 4 g; peptone, 2 g; ferric sulfate, 40 mg; potassium 
bromide, 100 mg; calcium carbonate, 1 g; and sodium bromide, 30 g. The second seed 
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cultures were incubated at 28°C for 7 days on a rotary shaker operating at 250 rpm. 
Approximately 2 to 3 gram of sterile Amberlite XAD-7 resin were added to the second seed 
culture. The second seed culture was further incubated at 28°C for 2 days on a rotary shaker 
operating at 250 rpm. Five ml of the second seed culture was inoculated into a 500-ml flask 
containing 100 mL of the second vegetative medium. The third seed culture was incubated at 
28°C for 1 day on a rotary shaker operating at 250 rpm. Approximately 2 to 3 gram of sterile 
Amberlite XAD-7 resin were added to the third seed culture. The third seed culture was 
further incubated at 28°C for 2 days on a rotary shaker operating at 250 rpm. Five ml of the 
third culture was inoculated into a 500-ml flask containing 100 mL of the second vegetative 
medium. The fourth seed culture was incubated at 28°C for 1 day on a rotary shaker 
operating at 250 rpm. Approximately 2 to 3 gram of sterile Amberlite XAD-7 resin were 
added to the fourth seed culture. The fourth seed culture was further incubated at 28°C for 1 
day on a rotary shaker operating at 250 rpm. Five mL each of the fourth seed culture was 
inoculated into ten 500-mL flasks containing 100 mL of the second vegetative medium. The 
fifth seed cultures were incubated at 28°C for 1 day on a rotary shaker operating at 250 rpm. 
Approximately 2 to 3 grams of sterile Amberlite XAD-7 resin were added to the fifth seed 
cultures. The fifth seed cultures were further incubated at 28°C for 3 days on a rotary shaker 
operating at 250 rpm. Four mL each of the fifth seed culture was inoculated into one hundred 
and fifty 500-mL flasks containing 100 mL of the production medium having the same 
composition as the second vegetative medium. Approximately 2 to 3 grams of sterile 
Amberlite XAD-7 resin were also added to the production culture. The production cultures 
were incubated at 28°C for 6 day on a rotary shaker operating at 250 rpm. The culture broth 
was filtered through cheese cloth to recover the Amberlite XAD-7 resin. The resin was 
extracted with 2 times 3 liters ethyl acetate followed by 1 time 1 liter ethyl acetate. The 
combined extracts were dried in vacuo. The dried extract, containing 0.42 g of the compound 
Formula 11-17 and 0.16 gram the compound of Formula 11-18, was then processed for the 
recovery of the compounds. 
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EXAMPLE 5 

PURIFICATION OF COMPOUNDS OF FORMULA H-l?, H-IS AND U-27 
[0365] The pure compounds of Fomula 11-17 and H-l 8 were obtained by 
reversed-phase HPLC as described below: 



Column 


ACE 5 C18-HL 


Dimensions 


15 cm X 21 mm ID 


Flow rate 


14.5 mL/min 


Detection 


214 nm 


Solvent 


Gradient of 35% acetonitrile/65% 
H2O to 90% acetonitrile/10% H2O 
over 15 min 



[0366J Crude extract (100 mg) was dissolved in 15 mL of acetonitrile. Aliquots 
(900 \xL) of this solution were injected onto a reversed-phase HPLC column using the 
conditions described above. Compounds of Formulae 11- 17 and 11- 18 eluted at 7.5 and 9 
minutes, respectively. Fractions containing the pure compounds were first concentrated 
using nitrogen to remove organic solvent. The remaining solution was then frozen and 
lyophilized to dryness. 

[0367] An alternative purification method for Compound 11-17 and 11-18 was 
developed for larger scale purification and involved fractionation of the crude extract on a 
normal phase VLC column. Under these conditions, sufficient amounts of several minor 
metabolites were identified, including compound 11-27. The crude extract (2.4 g) was 
dissolved in acetone (10 mL) and this solution adsorbed onto silica gel (10 cc) by drying in 
vacuo. The adsorbed crude extract was loaded on a normal phase silica VLC column (250 cc 
silica gel, column dimensions 2.5 cm diameter by 15 cm length) and washed with a step 
gradient of hexane / EtOAc, increasing in the percentage of hexane in steps of 5% (100 mL 
solvent per step). The majority of compound H-l 6 eluted in the 60% hexane / 40% EtOAc 
wash while the majority of compound 11-17 eluted in the 50% hexane / 50% ethyl acetate 
wash. Final separation of the compounds was achieved using C18 HPLC chromatography 
(ACE 5 nm CIS-HL, 150 mm X 21 mm ID) using an isocratic solvent system consisting of 
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35% acetonitrile/65% H2O. Under these conditions, compound 11-27 eluted at 11 minutes, 
compound 11-17 eluted at 12.0 minutes, traces of compound A eluted at 23.5 minutes, and 
compound 11-18 eluted at 25.5 minutes. The resulting samples were dried in vacuo using no 
heat to remove the aqueous solvent mixture. The spectroscopic data for these samples of 
compound 11-16 and compound TI-18 were found to be identical with those of samples 
prepared from earlier purification methods. The sample of compound 11-18 was found to 
contain 8% of the lactone hydrolysis product and was further purified by washing through a 
normal phase silica plug (1 cm diameter by 2 cm height) and eluting using a solvent mixture 
of 20% EtOAc / 80% Hexanes (25 mL). The resulting sample was found to contain pure 
compound 11-18. 

[0368] The fractions containing compound 11-27 described above were further 
purified using normal phase semipreparative HPLC (Phenomenex Luna Si 10 |.im, 100 A; 
250 X 10 mm id) using a solvent gradient increasing from 100% hexane to 100% EtOAc over 
20 minutes with a flowrate of 4 mL/min. Compound 11-27 eluted as a pure compound after 
11.5 minutes (0.8 mg, 0.03% isolated yield fi-om dried extract weight). 

[0369] Compound of Formula n-17: UV (Acetonitrile/H20) A,ma.x 225(sh) nm. 
High Res. Mass (APCI): m/z 280.156 (M+H), Acaic=2.2 ppm, C15H22NO4. 

[0370] Compound of Formula 11-18: UV (Acetonitrile/H20) Kv^ 225(sh) nm. 
High Res. Mass (APCI): m/z 358.065 (M+H), Acaic= -1.9 ppm, Ci5H2iN04Br. 

[0371] Compound 11-27: UV (Acetonitrile/HjO) X^ax 225(sh) nm; MS (HR-ESI), 
m/z 280. 1556 (M+H) Acaic= 2.7 ppm (C15H22NO4). 

EXAMPLE 6 

PREPARATION OF COMPOUND OF FORMULA n-19 FROM n-16 
[0372] A sample of compound of Formula 11-16 (250 mg) was added to an 
acetone solution of sodium iodide (1.5 g in 10 mL) and the resulting mixture stirred for 6 

days. The solution was then filtered through a 0 45 micron syringe filter and injected directly 
on a normal phase silica HPLC column (Phenomenex Luna 10 jim Silica, 25 cm x 21.2 mm) 
in 0.95 mL aliquots. The HPLC conditions for the separation of compound formula 11-19 
from unreacted 11-16 employed an isocratic HPLC method consisting of 24% ethyl acetate 
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and 76% hexane, in which the majority of compound 11-19 eluted 2.5 minutes before 
compound 11-16. Equivalent fractions from each of 10 injections were pooled to yield 35 mg 
compound n-19. Compound n-19: UV (Acetonitrile/HzO) 225 (sh), 255 (sh) nm; ESMS, 
m/z 406.0 (M+H); HRMS (ESI), m/z 406.05 1 3 [M+H] ' , Acaic= -0.5 ppm, C15H21NO4T. 




EXAMPLE 7 

SYNTHESIS OF THE COMPOUNDS OF FORMULAE II-2, n-3, AND n-4 
[0373] Compounds of Formulae 11-2, 11-3 and TT-4 can be synthesized from 
compounds of Formulae 11-16, 11-17 and 11-18, respectively, by catalytic hydrogenation. 

Exemplary Depiction of Synthesis 




R R 

n-16: R=C1 II-2: R=C1 

n-17: R=H II-3: R=H 

n-18: R=Br II-4; R=Br 



Example 7A: Catalytic Hydrogenation of Compound of Formula 11-16 

[0374] Compound of Formula 11-16 (10 mg) was dissolved in acetone (5 mL) in a 
scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (1-2 mg) and a magnetic 
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stirrer bar. The reaction mixture was stirred in a hydrogen atmosphere at room temperature 
for about 15 hours. The reaction mixture was filtered through a 3 cc silica column and 
washed with acetone. The filtrate was filtered again through 0.2 Gelman Acrodisc to 
remove any traces of catalyst. The solvent was evaporated off from filtrate under reduced 
pressure to yield the compound of Formula 11-2 as a pure white powder; UV 
(acetonitrile/H20): A™ax225 (sh) nm: m/z 3 16 (M+H), 338 (M+Na). 



Example 7B: Catalytic Hydro|genation of Compound of Formula 11-17 

[0375] Compound of Formula 11-17 (5 mg) was dissolved in acetone (3 mL) in a 
scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (about 1 mg) and a 
magnetic stirrer bar. The reaction mixture was stirred in a hydrogen atmosphere at room 
temperature for about 15 hours. The reaction mixture was filtered through a 0.2 [xm Gelman 
Acrodisc to remove the catalyst. The solvent was evaporated off from filtrate to yield the 
compound of Formula II-3 as a white powder which was purified by normal phase HPLC 
using the following conditions: 



Column: Phenomenex Luna 10 [im Silica 

Dimensions: 25 cm x 21.2 mm ID 

Flow rate: 14.5 mL/min 

Detection: ELSD 

Solvent: 5% to 60% EtO Ac/Hex for 19 min, 60 to 100% EtOAc in 1 

min, then 4 min at 100% EtO Ac 
[0376] Compound of Formula 11-3 eluted at 22.5 min as a pure compound: UV 
(acetonitrile/HjO): 1^^225 (sh) nm: m/z 282 (M+H), 304 (M+Na). 

Example 7C: Catalytic Hydrogenation of Compound of Formula 11-18 

[0377] 3 .2 mg of compound of Formula 11-18 was dissolved in acetone (3 mL) in 
a scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (about 1 mg) and a 
magnetic stirrer bar. The reaction mixture was stirred in hydrogen atmosphere at room 
temperature for about 15 hours. The reaction mixture was filtered through a 0.2 ^m Gelman 
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Acrodisc to remove the catalyst. The solvent was evaporated ofF from filtrate to yield the 
compound of Formula 11-4 as a white powder which was further purified by normal phase 
HPLC using the following conditions: 



Column: Phenomenex Luna 10 ^m Silica 

Dimensions: 25 cm x 21.2 mm ID 

Flow rate: 14.5 mL/min 

Detection: ELSD 

Solvent: 5% to 80% EtOAc/Hex for 19 min, 80 to 100% EtOAc in 1 

min, then 4 min at 100% EtOAc 

[0378] Compound of Formula II-4 eluted at 16.5 min as a pure compound: UV 
(acetonitrile/HjO): Xax^^225 (sh) nm: m/z 360 (M+H), 382 (M+Na). 

[0379] In addition, high resolution mass spectrometry data were obtained for 
compounds R-l, H-S, and n-4. Compound n-2: HRMS (ESI), m/z 316.1305 [M+H]^, Acaic= 
-3.5 ppm, C15H2.3NO4CI. Compound n-3: HRMS (ESI), m/z 282.1706 [M+H]^ Acaic= 0.3 
ppm, C15H24NO4. Compound n-4: HRMS (ESI), m/z 360.0798 [M+H]^, Aoaic= -3.4 ppm, 
Ci5H23N04Br. 



EXAMPLES 

SYNTHESIS OF THE COMPOUNDS OF FORMLTLAE n-5A AND 1I-5B 
[0380] Compounds of Formula n-5A and Formula n-5B can be synthesized from 
compound of Formula 11-16 by epoxidation with mCPBA. 

[0381] Compound of Formula 11-16 (101 mg, 0.32 mmole) was dissolved in 
methyl enechloride (30 mL) in a 100 mL of round bottom flask to which was added 79 mg 
(0.46 mmole) of meta-chloroperbenzoic acid (mCPBA) and a magnetic stir bar. The reaction 
mixture was stirred at room temperature for about 18 hours. The reaction mixture was 
poured onto a 20 cc silica flash column and eluted with 120 mL of CH2CI2, 75 mL of 1:1 
ethyl acetate/hexane and finally with 40 ml of 100% ethyl acetate. The 1:1 ethyl 
acetate/hexane fractions yield a mixture of diastereomers of epoxyderivatives, Formula n-5A 
and n-5B, which were separated by normal phase HPLC using the following conditions: 
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Column 


Phenomenex Luna 10 [\m Silica 


Dimensions 


25 cm X 21.2 mm ID 


Flow rate 


14.5 mL/min 


Detection 


ELSD 


Solvent 


25% to 80% EtO Ac/Hex over 19 
min, 80 to 100% EtO Ac in 1 min, 
then 5 min at 100% EtO Ac 



[0382] Compound Formula 11-5 A (major product) and n-5B (minor product) 
eluted at 21.5 and 19 min, respectively, as pure compounds. Compound I1-5B was further 
chromatographed on a 3 cc silica flash column to remove traces of chlorobenzoic acid 
reagent. 



Chemical Structures: 




n-16 n-5A(90%) n-5B(io%) 

Structural Characterization 

[0383] Formula H-SA: UV (Acetonitrile/H20) Imax 225 (sh) nm. Low Res. Mass: 
m/z 330 (M+H), 352 (M+Na); HRMS (ESI), m/z 330.1099 [M+H]", Aeaic= -2.9 ppm, 
C15H21NO5CI. 
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[0384] Formula H-SB; UV (Acetonitrile/H20) 225 (sh) nm. Low Res. Mass; 
m/z 330 (M+H), 352 (M+Na); HRMS (ESI), m/z 330.1105 [M+H]", Aca]c= -0.9 ppm, 
C15H21NO5CI. 

EXAMPLE 9 

SYNTHESIS OF THE COMPOUNDS OF FORMULAE IH-l, in-2, in-3 AND in-4 
Synthesis of did derivatives ("Formula TTT-2) 

[0385] Diols can be synthesized by Sharpless dihydroxylation using AD mix-a 

and P: AD mix-a is a premix of four reagents, K20s02(OH)4; K2CO3; K3Fe(CN)6; (DHQ)2- 
PHAL [l,4-bis(9-0-dihydroquinine)phthalazine] and AD mix-P is a premix of 
K20s02(OH)4; K2CO3; K3Fe(CN)6; (DHQD)2-PHAL [l,4-bis(9-0- 

dihydroquinidine)phthalazine] which are commercially available from Aldrich. The diol can 
also be synthesized by acid or base hydrolysis of epoxy compounds (Formula n-5A and 11- 
5B) which may be different to that of products obtained in Sharpless dihydroxylation in their 
stereochemistry at carbons bearing hydroxyl groups 

Sharpless Dihydroxylation of Compounds 11-16. 11-17 and 11-18 

[0386] Any of the compounds of Formulae 11-16, 11-17 and 11-18 can be used as 
the starting compound. In the example below, compound of Formula 11-16 is used. The 
starting compound is dissolved in t-butanol/water in a round bottom flask to which is added 
AD mix-a or P and a magnetic stir bar. The reaction is monitored by silica TLC as well as 
mass spectrometer. The pure diols are obtained by usual workup and purification by flash 
chromatography or HPLC. The structures are confirmed by NMR spectroscopy and mass 
spectrometry. In this method both hydroxyl groups are on same side. 



-100- 



wo 2008/124699 



PCT/US2008/059592 




Starting Compound Formula 111-2 Formula 11-5 

Nucleophilic ring opening of epoxy compounds (II-5): 



[0387] The epoxy ring is opened with various nucleophiles like NaCN, NaNs, 
NaOAc, HBr, HCl, etc. to creat various substituents on the cyclohexane ring, including a 
hydroxyl substituent. 
Examples: 




/ CI 

CI R7: CN or N3 if Rfi is OH 

R6:CNorN3ifR7isOH 
Formula 11-5 Formula III-l 
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[0388] The epoxy is opened with HCl to make Formula 111-3 : 




P 



CI 



CI 



Formula 11-5 



Formula ni-3 



[0389] Compound of Formula II-SA (3.3 mg) was dissolved in acetonitrile (0.5 
mL) in a 1 dram vial to which was added 5% HCl (500 piL) and a magnetic stir bar. The 
reaction mixture was stirred at room temperature for about an hour. The reaction was 
monitored by mass spectrometry. The reaction mixture was directly injected on normal phase 
HPLC to obtain compound of Formula in-3C as a pure compound without any work up. The 
HPLC conditions used for the purification were as follows: Phenomenex Luna 10 nm Silica 
column (25 cm x 21.2 mm ID) with a solvent gradient of 25% to 80% EtOAc/Hex over 19 
min, 80 to 100% EtOAc in 1 min, then 5 min at 100% EtOAc at a flow rate of 14.5 mL/min. 
An ELSD was used to monitor the purification process. Compound of Formula 111-3 C eluted 
at about 18 min (2.2 mg). Compound of Formula in-3C: UV (Acetonitrile/H20) Xmax 225 
(sh) nm; ESMS, m/z 366 (M+H), 388 (M+Na); HRMS (ESI), m/z 366.0875 [M+H]^, Acaic= 
0.0 ppm, C15H22NO5CI2. The stereochemistry of the compound of Formula I1I-3C was 
determined based on coupling constants observed in the cyclohexane ring in 1:1 
CfiDe/DMSO-de. 
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CI CI 
TT-5A Tn-3C 



[0390] Reductive ring opening of epoxides (II-5): The compound of Formula is 
treated with metalhydrides like BH3-THF complex to make compound of Formula 111-4. 




a CI 

Formula 11-5 Formula 111-4 



EXAMPLE 10 

SYNTHESIS OF THE COMPOUNDS OF FORMULAE H-ISC AND II-8C 
[0391] Compound of Formula 11-16 (30 mg) was dissolved in CH2CI2 (6 mL) in a 
scintillation vial (20 mL) to which Dess-Martin Periodinane (122 mg) and a magnetic stir bar 
were added. The reaction mixture was stirred at room temperature for about 2 hours. The 
progress of the reaction was monitored by TLC (Hex:EtOAc, 6:4) and analytical HPLC. 
From the reaction mixture, the solvent volume was reduced to one third, absorbed on silica 
gel, poured on top of a 20 cc silica flash column and eluted in 20 mL fractions using a 
gradient of Hexane/EtOAc from 10 to 100%. The fraction eluted with 30% EtOAc in Hexane 
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contained a mixture of rotamers of Formula TI-13C in a ratio of 1.5:8.5. The mixture was 
further purified by normal phase HPLC using the Phenomenex Luna 10 ^m Silica column 
(25 cm X 21 .2 mm ID) with a solvent gradient of 25% to 80% EtO Ac/Hex over 19 min, 80 to 
100% EtOAc over 1 min, holding at 100% EtOAc for 5 min, at a flow rate of 14.5 mL/min. 
An ELSD was used to monitor the purification process. Compound of Formula n-13C eluted 
at 13.0 and 13.2 mins as a mixture of rotamers with in a ratio of 1.5:8.5 (7 mg). Formula II- 
13C: UV (Acetonitrile/HjO) A^ax 226 (sh) & 300 (sh) nm; ESMS, m/z 312 (M+H) , 334 
(M+Na)^; HRMS (ESI), w/z 312.1017 [M+H]^ A,.^,= 4.5 ppm, C15H19NO4CI. 

[0392] The rotamer mixture of Formula n-13C (4 mg) was dissolved in acetone 
(1 mL) in a scintillation vial (20 mL) to which a catalytic amount (0.5 mg) of 10% (w/w) 
Pd/C and a magnetic stir bar were added. The reaction mixture was stirred in a hydrogen 
atmosphere at room temperature for about 15 hours. The reaction mixture was filtered 
through a 0.2 |am Gelman Acrodisc to remove the catalyst. The solvent was evaporated from 
the filtrate to yield compound of Formula II-SC as a colorless gum which was further purified 
by normal phase HPLC using a Phenomenex Luna 10 \xm Silica column (25 cm x 21.2 mm 
ID) with a solvent gradient of 25% to 80% EtO Ac/Hex over 19 min, 80 to 100% EtOAc over 
1 min, holding at 100% EtOAc for 5 min, at a flow rate of 14.5 mL/min. An ELSD was used 
to monitor the purification process. Compound of Formula n-8C (1 mg) eluted at 13 .5 min 
as a pure compound. Formula II-SC: UV (Acetonitrile/H20) X,max 225 (sh) nm; ESMS, m/z 
314 (M+H)^ 336 (M+Na)"; HRMS (ESI), m/z 314.1149 [M+H]^ Acaic= 3.3 ppm, 
C15H21NO4CI. 







Dess-Martin 
Periodinane^ 



H2 

Pd/C. 



CI n-16 



CI n-i3c 



CI n-8c 
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EXAMPLE 1 1 

SYNTHESIS OF THE COMPOUND OF FORMULA 11-25 FROM H-ISC 
[0393] The rotamer mixture of Formula n-13C (5 mg) was dissolved in 
dimethoxy ethane (monoglyme; 1 .5 mL) in a scintillation vial (20 mL) to which water (15 |iL 
(1% of the final solution concentration)) and a magnetic stir bar were added. The above 
solution was cooled to -78°C on a dry ice-acetone bath, and a sodium borohydride solution 
(3.7 mg of NaBH4 in 0.5 mL of monoglyme (created to allow for slow addition)) was added 
drop-wise. The reaction mixture was stirred at -78°C for about 14 minutes. The reaction 
mixture was acidified using 2 mL of 4% HCl solution in water and extracted with CH2CI2. 
The organic layer was evaporated to yield mixture of compound of formulae 11-25 and 11-16 
in a 9.5:0.5 ratio as a white solid, which was further purified by normal phase HPLC using a 
Phenonienex Luna 10 |_im Silica column (25 cm x 21.2 mm ID). The mobile phase was 24% 
EtO Ac/76% Hexane, which was held isocratic for 19 min, followed by a linear gradient of 
24% to 100% EtO Ac over 1 min, and held at 100% EtO Ac for 3 min; the flow rate was 25 
mL/min. An ELSD was used to monitor the purification process. Compound of formula 11- 
25 (1.5 mg) eluted at 11.64 min as a pure compound. Compound of Formula 11-25: UV 
(Acetonitrile/HjO) ^ax225 (sh) nm; ESMS, m/z 314 (M+H)+, 336 (M+Na)^; HRMS (ESI), 
m/z 314.1154 [M+H]\ Acaic= -0.6 ppm, C15H21NO4CI. 
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EXAMPLE 12 

SYNTHESIS OF THE COMPOUNDS OF FORMULAE n-31, n-32 AND n-49 FROM H- 
13C; AND COMPOUNDS OF FORMULAE n-33, n-34, n-35 AND n-36 FROM n-3 1 
AND 11-32 

[0394] A rotamer mixture of the Compound of Formula n-13C (20 mg) was 
dissolved in acetone (4 mL) in a scintillation vial (20 mL) to which a catalytic amount (3 mg) 
of 10% (w/w) Pd/C and a magnetic stir bar were added. The reaction mixture was stirred at 
room temperature for about 15 hours. The reaction mixture was filtered through a 0.2 jam 
Gelman Acrodisc to remove the catalyst. The solvent was evaporated from the filtrate to 
yield a mixture of diastereomers of hydroxy derivatives of Formulae 11-31 and 11-32 (1:1) 
and a minor compound TT-49, which were separated by reversed phase HPLC using Ace 5 
CI 8 column (150 mm x 22 mm ID) with a solvent gradient of 90% to 30% H20/acetonitrile 
over 15 min, 70 to 100% acetonitrile over 5 min, holding at 100% acetonitrile for 4 min, at a 
flow rate of 14.5 mL/min. A diode array detector was used to monitor the purification 
process. Compound n-31 (2 mg), n-32 (2 mg) and n-49 (0.2 mg) eluted at 10.6, 10.8 and 
11.54 min, respectively, as pure compounds, n-31: UV (Acetonitrile/H20) Amax250 (sh) nm; 
ESMS m/z 328.1 (M+H)^ & 350.0 (M+Na)^. n-32: UV (Acetonitrile/HjO) ^^0x250 (sh) nm; 
ESMS, m/z 328.1 (M+H)^ & 350.0 (M+Na)^ 11-49: UV (Acetonitrile/HjO) 7^^250 (sh) and 
320 nm; ESMS, m/z 326.0 (M+H)^ 343.1 (M+HjOf & 348.0 (M+Na)^. 

[0395] In an alternate method, compounds II-3 1, n-32 and 11-49 were separated by 
normal phase HPLC using Phenomenex Luna 10 |am Silica column (25 cm x 21.2 mm ID) 
with a solvent gradient of 10% to 100% Hexane/EtOAc over 24 min, holding at 100% EtOAc 
for 3 min, at a flow rate of 14.5 mL/min. ELSD was used to monitor the purification process. 

[0396] The ketone of the compounds of formula n-3 1 and n-32 can be reduced by 
using sodium borohydride at 0 to -10°C in monoglyme solvent for about 14 minutes. The 
reaction mixture can be acidified using 4% HCl solution in water and extracted with CH2CI2. 
The organic layer can be evaporated to yield the mixtures of compounds of formulae n-33, n- 
34, 11-35 and n-36 which can be separated by chromatographic methods. 
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1 : 1 Mixture of Isomers at C-8 n-49 
11-31 and n-32 

NaBH4,0to-10°C 
Monoglyme 
~ 14 min. 




CI 

11-33, 11-34, 11-35 and n-36 



EXAMPLE 13 

SYNTHESIS OF THE COMPOUND OF FORMULAE 11-21 FROM n-19 
[0397] Acetone (7.5 mL) was vigorously mixed with 5 N NaOH (3 mL) and the 
resulting mixture evaporated to a minimum volume in vacuo. A sample of 100 ^L of this 
solution was mixed with compound of Formula 11-19 (6.2 mg) in acetone (1 mL) and the 
resulting biphasic mixture vortexed for 2 minutes. The reaction solution was immediately 
subjected to preparative C18 HPLC. Conditions for the purification involved a linear 
gradient if 10% acetonitrile/90% water to 90% acetonitrile/ 10% water over 17 minutes using 
an Ace 5 pim C18 HPLC column of dimensions 22 mm id by 150 mm length. Compound of 
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Formula 11-21 eluted at 9.1 minutes under these conditions to yield 0.55 mg compound. 
Compound of Formula n-21: UV (Acetonitrile/H20) 225 (sh), ESMS, m/z 296.1 (M+H), 




n-19 n-21 

EXAMPLE 14 

SYNTHESIS OF THE COMPOUND OF FORMULAE n-22 FROM n-19 
[0398] A sample of 60 mg sodium propionate was added to a solution of 
compound of Formula 11-19 (5.3 mg) in DMSO (1 mL) and the mixture sonicated for 5 
minutes, though the sodium propionate did not completely dissolve. After 45 minutes, the 
solution was filtered through a 0.45 ^m sjringe filter and purified directly using HPLC. 
Conditions for the purification involved a linear gradient if 10% acetonitrile/90% water to 
90% acetonitrile/10% water over 17 minutes using an Ace 5 nm C18 HPLC column of 
dimensions 22 mm id by 150 mm length. Under these conditions, compound of Formula 11- 
22 eluted at 12.3 minutes to yield 0.7 mg compound (15% isolated yield). UV 
(Acetonitrile/HjO) 225 (sh), ESMS, m/z 352.2 (M+H); HRMS (ESI), m/z 352.1762 [M+H]^ 
Acaic= 0.6 ppm, C18H26NO6. 



-108- 



wo 2008/124699 



PCT/US2008/059592 




EXAMPLE 15 

SYNTHESIS OF THE COMPOUND OF FORMULA 11-29 FROM 11-19 
[0399] A sample of NaNs (80 mg) was dissolved in DMSO (1 raL) and 
transferred to a vial containing Compound 11-19 (6.2 mg) which was contaminated with 
approximately 10% Compound 11-16. The solution was incubated at room temperature for 1 
hr prior to purification on C18 HPLC (ACE 5|xm C18-HL, 150 mm X 21 mm ID) using a 
solvent gradient of 10% acetonitrile/90% H2O to 90% acetonitrile/10% H2O over 17 minutes. 
Using this method, the desired azido derivative 11-29 co-eluted with Compound 11-16 
contaminant at 12.5 minutes (4.2 mg, 85% yield). A 2.4 mg portion of compound 11-29 was 
further purified using additional C18 HPLC chromatography (ACE S^im C18-HL, 150 mm X 
21 mm ID) using an isocratic solvent gradient consisting of 35% acetonitrile/65% H2O. 
Under these conditions compound 11-29 eluted after 20 minutes, while Compound 11-16 
eluted after 21.5 minutes. The resulting sample consisted of 1.1 mg Compound 11-29 was 
used for characterization in biological assays. 

[0400] Compound n-29: UV (Acetonitrile/HsO) 225 (sh), ESMS, m/z 321 A 

(M+H). 
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EXAMPLE 16 

SYNTHESIS OF THE COMPOUNDS OF FORMULAE n-37 AND n-38 FROM n-19 
[0401] The compounds of Fonnulae 11-37 and n-38 can be prepared from the 
compound of Formula 11-19 by cyano-de-halogenation or thiocyanato-de-halogenation, 
respectively. Compound 11-19 can be treated with NaCN or KCN to obtain compound 11-37. 
Alternatively, Compound 11-19 can be treated with NaSCN or KSCN to obtain compound 11- 
38. 

Synthesis of the compound of Formula 11-38 from 11-19: 

[0402] The compound of formula 11-19 (10.6 mg, 0.0262 mmol) was dissolved in 
1.5 mL of acetone in a scintillation vial (20 mL) to which sodium thiocyanate (10.0 mg, 
0.123 mmol), triethylamine (5 ^iL, 0.036 mmol) and a magnetic stir bar were added. The 
reaction mixture was stirred at room temperature for 72 hours. The reaction mixture was 
concentrated in vacuo to yield the compound 11-38. Compound 11-38 was purified by normal 
phase HPLC using a Phenomenex Luna 10 nm Silica column (25cm x 21.2 mm ID) with a 
solvent gradient of 0 to 95% HiO/acetonitrile over 21 min, at a flow rate of 14.5 mL/min. 
Diode array detector was used to monitor the purification process. Compound 11-38 (3 .0 mg, 
34% yield) eluted at 18.0 min as a pure compound. 11-38: UV Acetonitrile/H20 Vax 203 (sh) 
nm; ESMS m/z 337.1 (M+H)^ & 359.1 (M+Na)^. 
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EXAMPLE 17 

SYNTHESIS OF THE COMPOUND OF FORMULA n-39 FROM 0-19 
[0403] Thiols and thioethers of the Formula 11-39 can be formed by 
dehalogenation of the compound of Formula 11-19. Thiols (R=H) can be formed by treatment 
of Compound 11-19 with NaSH, for example, while thioethers (R=alkyl) can be formed by 
treatment of Compound 11-19 with salts of thiols, or alternatively, by treatment with thiols 
themselves by running the reaction in benzene in the presence of DBU. 




EXAMPLE 18 

SYNTHESIS OF THE COMPOUND OF FORMULA n-40 FROM n-39 
[0404] Sulfoxides (n=l) and sulfones (n=2) of the Formula 11-40 can be formed 
by oxidation of thioethers of the Formula 11-39, for example, with hydrogen peroxide or other 
oxidizing agents. 
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EXAMPLE 19 

SYNTHESIS OF THE COMPOUND OF FORMULA n-41 FROM n-21 
[0405] The compound of the Formula 11-41 can be prepared by treatment of the 

compound of Formula 11-21 (or a protected derivative of 0-21, where the C-5 alcohol or 
lactam NH are protected, for example) with methyl sulfonyl chloride (mesyl chloride) in 
pyridine, for example, or by treatment with mesyl chloride in the presence of triethylaminde. 
Other sulfonate esters can be similarly prepared. 




EXAMPLE 20 

SYNTHESIS OF THE COMPOUND OF FORMULA U-46 FROM U-19 OR U-41 
[0406] The alkene of the Formula 11-46 can be prepared by dehydroiodination of 
the compound of Formula 11-19, or by hydro-mesyloxy elimination of the compound of 
Formula 11-41, for example, by treatment with base. 
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EXAMPLE 21 

SYNTHESIS OF TFTE COMPOUND OF FORMULA n-42A 
[0407] Synthesis of boronic acids or esters, for example, the compound of the 
Formula II-42A, can be achieved as outlined in the retrosynthetic scheme below. 
Hydroboration of the alkene of Formula 11-46 gives the corresponding alkyi boranc, which 
can be converted to the corresponding boronic acid or ester, for example, the compound of 
the Formula n-42A. 




EXAMPLE 22 

SYNTHESIS OF THE COMPOUND OF FORTvIULA II-43A 
[0408] The compound of the Formula 11-43 A can be prepared by treatment of the 
compound of Formula 11-19 with triphenyl phosphine to make a phosphorus ylide, which can 
be treated with various aldehydes, for example, glyoxylic acid methyl ester, to make Formula 
n-43A. 
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EXAMPLE 23 

SYNTHESIS OF THE COMPOUND OF FORMULA H-SO FROM n-19 
[0409] A portion of Cul (100 mg) was placed in a 25 mL pear bottom flask and 
flushed with argon gas for 30 minutes. Argon gas flow was maintained through the flask 
throughout the course of the reaction. The vessel was cooled to -78°C prior to addition of 
dry THF (5 mL) followed by the immediate dropwise addition of a solution of methyllithium 
in dry THF (5.0 mL, 1.6 M) with vigorous stirring. A solution of Compound 11-19 in dry 
THF (12 mg Compound 11-19, 1 mL THF) was added slowly to the clear dialkylcuprate 
solution and the resulting mixture stirred at -78°C for 1 hr. The reaction was quenched by 
washing the THF solution through a plug of silica gel (1 cm diameter by 2 cm length) along 
with further washing using a solution of 50% EtOAc / 50% hexanes (50 mL). The combined 
silica plug washes were dried in vacuo and subjected to further CI 8 HPLC purification in 2 
injections (ACE 5 nm C18-HL, 150 mm X 21 mm ID) using an isocratic solvent gradient 
consisting of 35% acetonitrile/65% H2O. Compound 11-30 eluted under these conditions at 
23.5 minutes and yielded 2.4 mg material (27% isolated yield) at 90.8% purity as measured 
by analytical HPLC. An alternative normal phase purification method can be utilized using 
Phenomenex Luna 10 |.mi Silica column (25cm x 21.2 mm ID) with a solvent gradient 
consisting of 100%) hexanes/ethyl acetate to 0% hexanes over 20 minutes. Compound 11-30 
eluted under these conditions at 16.5 minutes and yielded 3.0 mg material (41% isolated 
yield) at 97. 1% purity as measured by analytical HPLC. 

[0410] Compound n-30: UV (Acetonitrile/HjO) 225 (sh), ESMS, m/z 294.1 
(M+H); HRMS (ESI), m/z 294.1696 [M+H]", Acaic= -3.2 ppm, C16H24NO4. 
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[0411] Compound 11-30 can also be obtained by saline fermentation of strain 
CNB476. In one example, CNB476 was tiansl erred to 500-mL flasks containing 100 mL 
production medium consisting of the following per liter of deionized water: starch, 10 g; 
yeast extract, 4 g; Hy-Soy, 4 g; ferric sulfate, 40 mg; potassium bromide, 100 mg; calcium 
carbonate, 1 g; and synthetic sea salt, 30 g. The production cultures were incubated at 28°C 
and 250 rpm for 1 day. Approximately 2 g of sterile Amberlite XAD-7 resin was added to 
the production cultures. The production cultures were further incubated for 5 days. The resin 
was recovered from the broth and extracted with ethyl acetate. The extract was dried in 
vacuo. The dried extract (8 g) was then processed for the recovery of Compound 11-30. 

[0412] The crude extract was piocessed by Hash chromatography using a Biotage 
Flash system. The flash chromatography was developed by the following step gradient: i) 
Hexanes (IL); ii) 10% EtOAc in hexanes (IL); iii) 20% EtOAc in hexanes, first elution (IL); 
iv) 20% EtOAc in hexanes, second elution (IL); v) 20% EtOAc in hexanes, third elution 
(IL); vi) 25% EtOAc in hexanes (IL); vii) 50% EtOAc in hexanes (IL); viii) EtOAc (IL). 
Fractions containing Compound 11-30 was further purified by normal phase HPLC using an 
isocratic solvent system of 24% EtOAc/hexanes followed by a 100% EtOAc. Compound 11- 
30 eluted 22 minutes into the isocratic portion of the run. 

[0413] Fractions enriched in Compound n-30 were further processed by normal 
phase HPLC using a 27 minute linear gradient from 15% hexanes/85% EtOAc to 100% 
EtOAc. Compound 11-30 eluted after 15 min. 
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EXAMPLE 24 

SYNTHESIS OF THE COMPOUND OF FORMULAE n-44 FROM H I 6 
[0414] The compound of Formula 11-16 (30 mg, 0.096 mmol) was dissolved in 
CH2CI2 (9 mL) in a scintillation vial (20 mL) to which triethylamine (40 |aL, 0.29 mmol), 
methyl-3-mercapto propionate (thiol, 250 |jL) and a magnetic stir bar were added. The 
reaction mixture was stirred at room temperature for about 4 hours. The solvent was 
evaporated from the reaction mixture to yield a mixture of compound of Formulae 11-44, 
which was separated by reversed phase HPLC using Ace 5 nm C18 column (150 mm x 22 
mm ID) with a solvent gradient of 35% to 90% H20/acetonitrile over 17 min, 90 to 100% 
acetonitrile overl min, holding at 100% acetonitrile for 1 min, at a flow rate of 14.5 mL/min. 
Diode array detector was used to monitor the purification process. Compound 11-44 (20 mg) 
eluted at 1 1 .68 min as a pure compound Compound 11-44: UV (Acetonitrile/H20) ^^4x240 
(sh) nm; ESMS m/z 434.0 (M+H)^ & 456.0 (M+Na)^ 




EXAMPLE 25 

OXIDATION OF SECONDARY HYDROXYL GROUP IN COMPOUNDS OF 
FORMULAE n-16, H-l? AND H-IS 
AND REACTION WITH HYDROXY OR METHOXY AMINES 
[0415] Any of the compounds of Formulae 11-16, 11-17 and 11-18 can be used as 
the starting compound. The secondary hydroxyl group in the starting compound is oxidized 
using either of the following reagents: pyridinium dichromate (PDC), pyridinium 
chlorochromate (PCC), Dess-Martin periodinane or oxalyl chloride (Swern oxidation) (Ref 
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Organic Syntheses, collective volumes I-VTIT). Preferably, Dess-Martin periodinane can be 
used as a reagent for this reaction. (Ref Fenteany G. et al. Science, 1995, 268, 726-73). The 
resulting keto compound is treated with hydroxylamine or methoxy amine to generate 
oximes. 
Examples: 




Starting Compound 11-13 II-9 

EXAMPLE 26 
REDUCTIVE AMINATION OF KETO-DERIVATIVE 
[0416] The keto derivatives, for example Formula 11-8 and 11-13, are treated with 
sodium cyanoborohydride (NaBIIiC-'N) in the presence of various bases to yield amine 
derivatives of the starting compounds which are subsequendy hydrogenated with 10% Pd/C, 
H2 to reduce the double bond in the cyclohexene ring. 
Example: 




11-13 11-11 11-12 
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EXAMPLE 27 
CYCLOHEXENE RING OPENING 
[0417] Any compound of Formulae 11-16, 0-17 and 11-18 can be used as a starting 
compound. The Starting Compounds can be protected, for example, at the alcohol and/or at 
the lactam nitrogen positions, and treated with OSO4 and NaI04 in THF-H2O solution to yield 
dial derivatives which are reduced to the alcohol with NaBH4. The protecting groups can be 
removed at the appropriate stage of the reaction sequence to produce 11-7 or 11-6. 
Example: 




Starting Compound TI-7 TT-6 

EXAMPLE 28 

DEHYDRATION OF ALCOHOL FOLLOWED BY ALDEHYDE FORMATION AT 
LACTONE-LACTAM RING JUNCTION 
[0418] A starting compound of any of Formulae 11-16, 11-17 or 11-18 is 
dehydrated, for example, by treatment with mesylchloride in the presence of base, or, for 
example, by treatment with Burgess reagent or other dehydrating agents. The resulting 
dehydrated compound is treated with OSO4, followed by NaI04, or alternatively by 
ozonolysis, to yield an aldehyde group at the lactone-lactam ring junction. 
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Rq Rs Rs 



Starting Compound 1-6 I-l 

EXAMPLE 29 

OXIDATION OF THE CYCLOHEXENE RING TO PRODUCE CYCLOHEXADIENES 
OR A PHENYL RING 
[0419] A Starting Compound, such as the ketone of Formula n-13C, is treated 
with Pd/C to produce a cyclohexadiene derivative. The new double bond can be at any 
position of the cyclohexene ring. The ketone can be reduced, for example, with sodium 
borohydride, to obtain the corresponding secondary alcohol(s). Alternatively, the 
cyclohexadiene derivative can be further treated, for example with DDQ, to aromatize the 
ring to a phenyl group. Similarly, the ketone can be reduced, for example, with sodium 
borohydride, to obtain the corresponding secondary alcohol(s). 
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EXAMPLE 30 

VARIOUS REACTIONS ON ALDEHYDE DERIVATI\'ES LI 
[0420J Wittig reactions are performed on the aldehyde group using various 
phosphorus yUdes [e.g., (triphenylphosphoranylidene)ethane] to yield an olefin. The double 
bond in the side chain is reduced by catalytic hydrogenation. 
Example: 
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[0421J Reductive amination is performed on the aldehyde group using various 
bases (eg. NH3) and sodium cyanoborohydride to yield amine derivatives. Alternatively, the 
aldehyde is reduced with NaBH4 to form alcohols in the side chain. 
Example: 




1-2 I-l 1-5 



[0422] Organometallic addition reactions to the aldehyde carbonyl can be 
performed to yield various substituted secondary alcohols. 
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Examples: 




EXAMPLE 31 

SYNTHESIS OF THE COMPOUND OF FORMULAE n-48 FROM n-16 
[0423] The compound of Formula 11-16 (15 mg, 0.048 mmol) was dissolved in 
1:1 ratio of acetonitrile/DMSO (8 mL) in a scintillation vial (20 mL) to which triethylamine 
(40 |iL, 0.29 mmol), Glutathione (44.2 mg, 0.144 mmol) and a magnetic stir bar were added. 
The reaction mixture was stirred at room temperature for about 3 hours. The solvent was 
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evaporated from the reaction mixture to yield the compound of Formula 11-48, which was 
purified by reversed phase HPLC using Ace 5 nm C18 column (150 mm x 22 mm ID) with a 
solvent gradient of 10% to 70% H20/acetonitrile over 15 min, 70 to 100% acetonitrile over 5 
min, holding at 100% acetonitrile for 4 min, at a flow rate of 14.5 mL/min. Diode array 
detector was used to monitor the purification process. Compound 11-48 (10 mg) eluted as a 
pure compound at 8.255 min. Compound 11-48: UV (Acetonitrile/H20) A^ax 235 (sh) nm; 
ESMS ra/z 621.0 (M+H)". 




11-16 



EXAMPLE 32 

SYNTHESIS OF THE COMPOUND OF FORMULA 11-50 FROM 11-16 
[0424] The compound of Formula 11-16 (10 mg, 0.032 mmol) was dissolved in 
CH2CI2 (9 mL) in scintillation vial (20 mL) to which triethylamine (26.5 |.iL, 0.192 mmol), 
N-Acetyl-L-Cysteine methyl ester (17 mg, 0.096 mmol) and a magnetic stir bar were added. 
The reaction mixture was stirred at room temperature for about 4 hours The solvent was 
evaporated from the reaction mixture to yield the mixture of compound of Formulae 11-50, 
which was further purified by normal phase HPLC using Phenomenex Luna 10 |^m Silica 
column (25 cm x 21.2 mm ID) with a solvent gradient of 10% to 100% Hexane/EtOAc over 
24 min, holding at 100% EtOAc for 3 min, at a flow rate of 14.5 mL/min. ELSD was used to 
monitor the purification process. Compound 11-50 (2 mg) was eluted at 10.39 min as a pure 
compounds. Compound n-50: UV (Acetonitrile/HjO) A^ax 230 (sh) nm; ESMS m/z 491.1 
(M+H)^ & 513.0 (M+Na)^. 
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EtaN, CH2CI2. 



rt,4h 





H 



P 



EXAMPLE 33 

FORMULATION TO BE ADMINISTERED ORALLY OR THE LIKE 
[0425] A mixture obtained by thoroughly blending 1 g of a compound obtained 
and purified by the method of the embodiment, 98 g of lactose and 1 g of hydroxypropyl 
cellulose is formed into granules by any conventional method. The granules are thoroughly 
dried and sifted to obtain a granule preparation suitable for packaging in bottles or by heat 
sealing. The resultant granule preparations are orally administered at between approximately 
100 mL/day to approximately 1000 mL/day, depending on the symptoms, as deemed 
appropriate by those of ordinary skill in the art of treating cancerous tumors in humans. 

EXAMPLE 34 

FORMULATION TO BE ADMINISTERED ORALLY OR THE LIKE 
[0426J A mixture obtained by thoroughly blending 1 g of a compound obtained 
and purified by the method of the embodiment, 98 g of lactose and 1 g of hydroxypropyl 
cellulose is formed into granules by any conventional method. The granules are thoroughly 
dried and sifted to obtain a granule preparation suitable for packaging in bottles or by heat 
sealing. The resultant granule preparations are orally administered at between approximately 
100 mL/day to approximately 1000 mL/day, depending on the symptoms, as deemed 
appropriate by those of ordinary skill in the art of treating cancerous tumors in humans. 
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EXAMPLE 35 

INDUCTION OF APOPTOSIS ALONE AND IN COMBINATION WITH HDAC 
INHIBITORS 

MATERIALS AND METHODS 
Cells 

[0427] Jurkat, K562, ML-1 and 12.1 (FADD deficient Jurkat) human leukemia 
cell lines were purchased from American Type Culture Collection (Rockville, MD). Caspase- 
8 deficient Jurkat cells, 19.2, were obtained from University of Texas, M. D. Anderson 
Cancer Center, Houston, TX. All cells were cultured in RPMI 1640 supplemented with 10% 
heat-inactivated FBS (Hyclone, Logan, UT), L-glutamate and penicillin/streptomycin (Sigma, 
St. Louis, MO). Cells were maintained at 37°C with 5% CO2. Peripheral blood were obtained 
from a Philadelphia positive (Ph+) ALL patient. Mononuclear cells were isolated using 
double density FicoU-Hypaque gradients composed of Histopaque 1077 and 11 19 (Sigma, St. 
Louis, MO) as previously described (see Chandra J, Hackbarth J, Le S, et al. Involvement of 
reactive oxygen species in adaphostin-induced cytotoxicity in human leukemia cells. Blood. 
2003; 1 02:4512-4519). 
Reagents 

[0428] Salinosporamide A was obtained from Nereus Pharmaceuticals, 
bortezomib was obtained from the M.D. Anderson Cancer Center pharmacy. HDACi's, 
(pyridin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate (MS-275) and valproic 
acid (VP A), were obtained from Calbiochem and Sigma (San Diego, CA and St. Louis, MO). 
Fluorogenic substrates, suc-LLVY-amc and z-LLE-amc, were from AG Scientific, Inc. (San 
Diego, CA) and boc-LLR-amc from Bachem (King of Prussia, PA). NAC and staurosporine, 
were purchased from Sigma (St. Louis, MO). The dyes 6-carboxy-2',7' 
dichlorodihydrofluorescein (H2DCF-DA), dihydroethidium (HEt) and tetramethylrhodamine 
ethyl ester (TMRE) were obtained from Molecular Probes (Eugene, OR). Antibodies were 
obtained from: Caspase-8, caspase-9, caspase-3, FADD, and Bid (Cell Signaling, Beverly, 
MA); CH-11 (MBL International, Wobum, MA); p27 (Transduction Laboratories, San 
Diego, CA); cytochrome c (BD PharMingen, San Diego, CA); and actin (Sigma, St. Louis, 
MO). The caspase inhibitors zVAD-fmk, lETD-fmk and LEHD-fmk were purchased from 
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Calbiochem (San Diego, CA). The caspase-3 substrate, DEVD-amc, was obtained from 
Biomol International, LP (Pljmiouth Meeting, PA). Annexin V-FITC was purchased from BD 
Bioscience (Franklin Lakes, NJ). 
20 S Proteasome Activity Assay 

[0429] The chymotrypsin-like, trypsin-like and caspase-like activity of the 20S 
proteasome of leukemia cells can be determined by measurement of fluorescence generated 
from the cleavage of the fluorogenic substrates suc-LLVY-amc, boo LRR-amc and z-LLE- 
amc respectively {see Lightcap ES, McCormack TA, Pi en CS, Chau V, Adams J, Elliott PJ. 
Proteasome inhibition measurements: clinical application. Clin Chem. 2000;46:673-683). 
Cells were incubated for 1 h in the presence of diluent or 1 /-IM Salinosporamide A, washed 
with phosphate buffered saline (PBS), and resuspended in 300 l-VL of a solution containing 
20 mM Tris, pH 7.5, 0.1 mM EOTA, pH 8.0, 20% glycerol, 0.05% Nonidet-P40, 1 mM 2-13 
mercaptoethanol, 1 mM ATP and lysed by freezing and thawing three times on dry ice. After 
centrifugation, supematants were combined with substrate buffer (50 mM HEPES, pH 7.5, 5 
mM EGTA pH 7) and the specific tluorogenic substrate in a 96-well plate and analyzed on a 
spectrofluorometer (SpectraMax Gemini EM, Molecular Devices, Sunnyvale, CA) using an 
excitation of 380 nm and an emission of 460 nm. 
Western Blotting 

[0430] Cells (5 - 10 X 106) were incubated with indicated concentrations of 
Salinosporamide A and washed with PBS followed by lysing as previously described {see 
Chandra J, Niemer I, Gilbreath J, et al. Proteasome inhibitors induce apoptosis in 
glucocorticoid-resistant chronic lymphocytic leukemic lymphocytes. Blood. 1998;92:4220- 
4229). 

[0431] Aliquots of protein lysates (50 /-Ig) were run on SOS-polyacrylamide gels. 
Protein was transferred to nitrocellulose membranes and blocked either for 1 h at room 
temperature or overnight at 4°C with 5% non-fat dry milk. Membranes were incubated with a 
1:1000 dilution of primary antibodies in 5% milk/Tris-buffered saline with 0.05% Tween-20 
(TBST), followed by corresponding secondary antibodies (1:1000 dilution with 5% 
milk/TBST). Bound antibodies were detected using enhanced chemiluminescence (ECL plus 
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western blotting detection system, Amersham Biosciences UK limited, Little Chalfont 
Buckinghamshire, England). 
Assessment of DN A Fragmentation 

[0432] Apoptosis was assessed by propidium iodide (PI) staining followed by 
fluorescence-activated cell sorting (FACS) analysis as described previously (see Chandra J, 
Hackbarth J, Le S, at al. Involvement of reactive oxygen species in adaphostin-induced 
cytotoxicity in human leukemia cells. Blood. 2003; 1 02:4512-4519). Following incubation 
with different doses of Salinosporamide A for 24 h, cells were pelleted by centrifugation and 
resuspended with PBS containing 50 ng/mL PI, 0.1 % Triton-X-1 00, and 0.1 % sodium 
citrate. Samples were stored at 4°C for 24 h and vortexed before analysis on the Fl-3 channel 
of a flow cytometer (FACSCalibur; Becton Dickinson; Franklin lakes, NJ). Data were 
analyzed using Cell Quest Software (BD Bioscience, Franklin lakes, NJ). 
Annexin V staining 

[0433] Externalization of phosphatidylserine (PS) was measured by Annexin V- 
FITC staining according to the manufacturer's protocol. Briefly, 1x106 cells were treated with 
indicated doses of Salinosporamide A for 6 h, washed twice in cold PBS and resuspended in 
IX binding buffer (0.01 M HEPES, pH 7.4; 0.14 M NaCl; 2.5 mM CaClz) and incubated for 
30 min in the dark at room temperature with 5 lU Annexin V-FITC and 10 UI of 50 ng/mL 
PI. Samples were analyzed by flow cytometry. 
In Vivo studies 

[0434] Eight to 12 week old male CB.17/SCID mice were purchased from 
laconic Farms (Hudson, NY) SCID mice were injected Lv. (tail vein) with 2 x 107 ML-1 
cells in 0.2 mL of PBS. Viability of injected cells was >90% as assessed by trypan blue 
exclusion. Mice were separated into control and treatment groups (n = 6/group) and treatment 
with Salinosporamide A (0.15 mg/kg) or vehicle alone (I % DMSO in PBS) was given 
intraperitoneally (Lp.) twice a week for 5 weeks. Blood samples were collected on days 17, 
21,23, 32 and 35. To avoid tail necrosis, the same mouse was not bled at every time point, 
accounting for nine bleeds from each group (control versus treated) over the course of 35 
days Complete cell blood counts were performed using a minimum of 50 |aL of peripheral 
blood using a Cell-Dyn (Abbott Diagnostics, Abbott Park, IL) counter. Post hoc power 
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analysis indicated that with 9 observations per group (control or Salinosporamide A), 26% 
power was had to see a statistically significant (p<0.05) difference in slopes of the regression 
lines for WBC count (tumor burden) over time. With 36 observations per group 80% power 
have had to been obtained to see a statistically significant difference between the slopes of 
the regression lines for WBC count over time. 
Transient Transfection 

[0435] Full length FADD EGFP-Nl plasmid 30, was transfected into FADD 
deficient 12.1 cells using Nucleofector Kit V (Amaxa Biosystems, Cologne, Grermany) 
according to the manufacturer's protocol. After 24 h, the brightest 25%GFP positive cells of 
the total population were sorted by FACS. These GFP positive cells were treated with 200 
nM Salinosporamide A for 6 h and analyzed for caspase-3 activity. 
Caspase-3 Activity Assavs 

[0436] Cells were pelleted, resuspended in 1 50 |iL PBS, and lysed by freezing and 
thawing. Fifty (xL was loaded in triplicate on a 96-well plate. To each well, 150 |aL of 50 |aM 
DEVD-amc in DEVD Buffer (10% sucrose, 0.001 % IGEPAl, 0.1 % CHAPS, 5 mM HEPES, 
pH 7.25) was added. Release of fluorescence (amc) was measured using a spectrofluorometer 
using an excitation of 355 nm and an emission of 460 nm. 
Detection of Intracellular Peroxides and Superoxide 

[0437] Measurements of intracellular ROS were determined by using cell 
permeable dyes as previously described 31. Pelleted cells were resuspended in 1 mL of RPMl 
medium containing either 10 |.iM CM-H2DCF-DA or 10 |,iM HEt (measuring intracellular 
peroxide and superoxide levels, respectively), and incubated at 37°C for 30 min in the dark. 
Fluorescence intensity was read by flow cytometry on the Fl-1 (DCF) or Fl-3 (HEt) channel. 
Measurement of Changes in Mitochondrial Membrane Potential 

[0438] Cells were pelleted, washed with PBS, and incubated with 25 nM TMRE 
in 10 mM HEPES, 150 mM NaCl, 5 mM KCl, 1 mM MgCb, and 1.8 mM CaCh, pH 7.4 in a 
volume of 1 mL for 30 min at 37°C in the dark. Cells were washed in PBS and fluorescence 
intensity was analyzed on the FL-2 channel of a flow cytometer. 
Statistical Analyses 
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[0439] Values represent the mean S.D. from three separate studies performed in 
triplicate. Differences in groups were assessed by using paired Student's t-test and were 
considered statistically significant at p < 0.05. For the experiments combining proteasome 
inhibitors and HDACi, synergism was determined using isobologram analysis based on the 
Chou and Talalay method with Calcusyn (Biosoft, Ferguson, MO) software program 32. A 
combination index (CI) value <1.0 indicates synergism: from 0.1-0.3 indicates strong 
synergism, and from 0.3-0.7 synergism. A CI=1.0 indicates additive effects. In vivo data were 
analyzed with linear regression to estimate the rate of change (i.e., the slope of the regression 
line) of the WBC count over time for the mice treated with diluent or Salinosporamide A. 
RESULTS 

[0440] Salinosporamide A inhibits the 20S proteolytic activities in leukemia cells. 
To measure Salinosporamide A's effects on the proteolytic activities of the 208 proteasome in 
leukemia cells, cell lines representative of CML, ALL and AML (K562, Jurkat and ML-l 
respectively) were used. Cells were incubated with 1 [xM Salinosporamide A for 1 h and the 
chymotrypsin-like, caspase-like and trypsin-like activities were measured using distinct 
fluorogenic peptides. Figures lA and IB show that 1 [M Salinosporamide A inhibited the 
chymotrypsin-like and caspase-like activity by greater than 90% compared to diluent in the 
three leukemia cells lines, whereas the trypsin-like activity was inhibited to a lesser extent 
(Figure IC). The accumulation of p27 (Figure ID) and p21 (data not shovra), both known 
proteasome protein substrates, in cells treated with Salinosporamide A served as functional 
confirmation of proteasome inhibition. 

[0441] The effects of Salinosporamide A and bortezomib on the chymotrypsin- 
like and caspase-like activities were compared. At the I piM dose, Salinosporamide A 
inhibited both the the chymotrypsin-like and caspase-like activities more effectively than 
bortezomib (p = 0.005 and p = 0.019) in Jurkat cells (Figure IE). To further characterize the 
ability of Salinosporamide A (NPI-0052) to inhibit proteasome activities in comparison to 
bortezomib, dose dependent effects of the two inhibitors were assessed (Figure IE). At the 
200 nM dose, Salinosporamide A was more effective than bortezomib at inhibiting the 
chymotrypsin-like, caspase-like and trypsin-like activities in Jurkat cells. 
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[0442] Salinosporamide A induces apoptotic cell death in vitro and in vivo. The 
cytotoxic effects of Salinosporamide A in K562, Jurkat and ML-1 cells were examined next. 
These cell lines were exposed to 1 nM - 1 \xM Salinosporamide A for 24 h. Salinosporamide 
A induced DNA fragmentation, which peaked at 200 nM, in a dose dependent manner as 
measured by PI staining in the three leukemia cell lines (Figure 2A). An increase of Annexin 
V positive and PI negative cells were detected after 6 h of treatment with various doses of 
Salinosporamide A (19.2% for 10 nM, 28.9% for 50 nM and 28.7% for 200 nM) (Figure 2A 
inset). Cells were also collected after 1 h exposure with Salinosporamide A and analyzed for 
inhibition of chymotrypsin-like activity using these same doses. Salinosporamide A doses 
that induced apoptosis also effectively inhibited the chymotrypsin-like activity in Jurkat cells 
(Figure 2B). Proteasome inhibition by Salinosporamide A triggered apoptosis in a time 
dependent fashion, with maximum DNA fragmentation occurring at 24 h (Figure 2C), At a 
lower dose (10 nM), Salinosporamide A achieved significant proteasome inhibition but did 
not cause DNA fragmentation. Analysis of phosphatidylserine exposure, an early apoptotic 
event, at the 10 nM dose, however revealed that 19.2% of cells were Annexin V positive. 
These findings indicates that higher doses of Salinosporamide A are required to induce 
apoptosis than those needed to inhibit proteasome activity. 

[0443] The ability of Salinosporamide A to exert effects in vivo was examined by 
reconstituting SCID mice with ML-1 cells. Biweekly administration of 0.15 mg/kg 
Salinosporamide A decreased tumor burden as evidenced by lower total white blood cell 
counts (WBC; Figure 2D) over the course of five weeks. Linear regression modeling of WBC 
over time found a difference in the y-intercepts of the regression lines (p = 0.06) comparing 
mice administered Salinosporamide A (n = 6 with 9 observations) versus diluent (n = 6 with 
9 observations). It is worth noting that the slope of the regression line for the 
Salinosporamide A group was negative (-0.0244) and the slope of the regression line for the 
control group was positive (0.0317), and that the two lines intersect on the first day of 
treatment (day 2). 

[0444] Since DNA fragmentation is a consequence of caspase-3 activation, 
caspase-3 activity was examined in response to Salinosporamide A (Figure 3A). Treatment 
with anti-Fas antibody (CH-11) served as a positive control for caspase-3 activation. As 
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shown in Figure 3A, 200 nM Salinosporamide A increased caspase-3 activity by 4-fold as 
compared to control. Inhibition of caspases by a pan-caspase inhibitor, zVAD-fmk, 
attenuated the Salinosporamide A induced caspase-3 activity. Furthermore, 10 [xM lETD- 
fmk, a caspase-8 inhibitor, abrogated caspase-3 activity by Salinosporamide A (p < 0 001), 
whereas an equimolar dose of caspase-9 inhibitor, LEHD-fmk, did not. The combination of 
LEHD-fmk and staurosporine was used as a positive control to demonstrate the effectiveness 
of the caspase-9 inhibitor (Figure 3A). Salinosporamide A induced caspase-3 activity in a 
time dependent manner, beginning at 4 h and plateauing at 8 h (Figure 3B). Detection of 19 
kD and 17 kD cleaved products by Western blot analysis (Figure 3B inset) further confirmed 
caspase-3 activation by Salinosporamide A. 

[0445] Caspase-8 activation by Salinosporamide A. To verify a role for caspase-8 
activation as an early event in Salinosporamide A-induced cell death, cleavage of caspase-8 
in Jurkat cells was measured (Figure 3C) over a 6 h time period by immunoblotting. 
Exposure of Jurkat cells to 200 nM Salinosporamide A caused activation of caspase-8 
starting at 2 h indicated by the appearance of the 43 kD and 41 kD cleavage fragments. 

[0446] The relative contributions of caspase-8 and caspase-9 on Salinosporamide 
A induced apoptosis were assessed using peptide inhibitors. Jurkat cells were treated with 
200 nM Salinosporamide A alone or in combination with caspase-8 and caspase-9 inhibitors 
for 24 h and DNA fragmentation was assessed. When pretreated with a caspase-8 inhibitor, 
Jurkat cells were protected against Salinosporamide A induced apoptosis in a statistically 
significant manner (p < 0.001), whereas a caspase-9 inhibitor did not confer protection 
(Figure 3D). 

[0447] Bid is a pro-apoptotic BH-3 domain containing member of the Bcl-2 
family and is a substrate for caspase-8 36. Exposure to 1 |jM Salinosporamide A for 8 h 
induced the cleavage of Bid (Figure 3E), generating a 15 kDa fragment, tBid, which can 
translocate to mitochondria. Thus, while not being bound by any particular theory, 
Salinosporamide A is likely exerting its cytotoxic effects through a caspase-8-tBid- 
mitochondria-dependent pathway. 

[0448] Mitochondrial injury by Salinosporamide A was evaluated by detecting 
drops in mitochondrial membrane potential (A*Fm). Reduction in TMRE fluorescence 
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(indicative of loss of AYm) by 56.7% was seen in Jurkat cells treated with 1 [xM 
Salinosporamide A for 6h (Figure 3F). This drop in potential was not abrogated by an 
antioxidant, NAC. Staurosporine, a positive control, caused a 96.8% reduction in ATm. 
These results support a model in which Salinosporamide A causes caspase-8 activation, 
leading to Bid cleavage and mitochondrial perturbations. 

[0449] Loss of mitochondrial membrane potential generally precedes cytochrome 
c release from mitochondria which leads to caspase-9 activation in the cytosol 37. Figure 3G 
shows the presence of cytochrome c in cytosol after 4 h of Salinosporamide A treatment but 
not in diluent treated cells. Accordingly, levels of pro-caspase-9 were decreased in 
Salinosporamide A treated cells, indicating activation of the zymogen (Figure 3G). 

[0450] Several reports indicate that proteasome inhibition causes increased ROS 
levels. To determine if ROS levels are heightened by Salinosporamide A, Jurkat cells were 
treated with 200 nM Salinosporamide A and stained with HEt or DCF. Monitoring ROS over 
time revealed strong increases in intracellular superoxide and hydrogen peroxide after 14 h of 
exposure (Figure 3H). 

[0451] Requirement for caspase-8 in Salinosporamide A induced apoptosis in 
leukemia cells. In order to address if caspase-8 is required for Salinosporamide A induced 
apoptosis, Jurkat cells lacking caspase-8 (19. 2) were utilized and cells lacking the caspase-8 
adaptor molecule FADD (12.1). The absence of caspase-8 and FADD was confirmed by 
western blotting (Figure 4A). Both of these cell lines showed significant inhibition of 
chymotrypsin-like proteasome activity after exposure to 1 |iM Salinosporamide A (data not 
shown), indicating that caspase-8 and FADD are not required for Salinosporamide A to 
inhibit the proteasome. 

[0452] Caspase-3 activity was assessed after Salinosporamide A exposure in 12.1 
and 19.2 cells. Caspase-8 and FADD deficient cell lines moderately increased caspase-3 
activity 3 -fold, whereas wild type Jurkat cells exhibited a 6-fold increase as compared to 
control (Figure 4B). Thus, caspase-8 and FADD mediate Salinosporamide A-induced 
caspase-3 activity. 

[0453] The specific requirement for FADD in Salinosporamide A-induced 
apoptosis was further tested by transfection of wildtype FADD-GFP into the FADD deficient 
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T2.1 cells and subsequent treatment with 200 nM Salinosporamide A (Figure 4C). In 
comparison to parental 12.1 cells, the FADD transfectants displayed higher levels of caspase- 
3 activity and the difference was statistically significant (p < 0.05). As a positive control, 200 
ng/mL CH-11 was shown to induce DNA fragmentation in 12.1 FADD-GFP transfectants 
(53.27%) but not in the T2. 1 cell line (4 99%) (Figure 4C inset). 

[0454] To place caspase-8 activation in the context of other biochemical apoptotic 
events, alterations of A*Fm in parental, caspase-8 deficient and FADD deficient Jurkat cells 
were examined. Jurkat cells exposed to 200 nM Salinosporamide A displayed a loss of ATm 
as detected by TMRE staining and indicated by a shift of the histogram (Figure 4D). The 
caspase-8 and FADD deficient, 19.2 and 12 1, cells did not display a drop in ATm in the 
presence of Salinosporamide A. These data indicate that caspase-8 and FADD are required 
for Salinosporamide A to cause mitochondrial peilurbations. 

[0455J Requirement for Salinosporamide A induced ROS in cytotoxicity and 
proteasome inhibition. To test if increased levels of ROS by Salinosporamide A contribute to 
apoptosis, Jurkat cells were treated with 200 nM Salinosporamide A alone or in combination 
with the antioxidant, NAC. Figure 5 A shows that an 8 h exposure to Salinosporamide A 
caused an increase in caspase-3 activity that was attenuated 3-fold in the presence of NAC. 
Superoxide levels generated by 100 nM Salinosporamide A were blunted in the presence of 
NAC (Figure 5A inset). Furthermore, the antioxidant conferred significant protection (p < 
0.001) against Salinosporamide A induced apoptosis as measured by DNA fragmentation 
(Figure 5B). Similarly, in mononuclear cells isolated from a Ph+ ALL patient, NAC also 
protected against cell death by Salinosporamide A (Figure 5C). 

[0456] Examination of proteasome activity in Jurkat cells revealed that protection 
by NAC was not due to interference with Salinosporamide A effects on proteasome function 
(Figure 5D). In addition, western blot analysis results demonstrate that NAC did not prevent 
caspase-8 or Bid cleavage in Jurkat cells treated with Salinosporamide A (Figure 5E). 
Interestingly, neither pan-caspase inhibitors nor specific caspase-8 inhibitors inhibited 
superoxide production by Salinosporamide A (Figure 5F). It was also observed that NAC 
does not protect from alterations to mitochondrial membrane potential (Figure 3F). These 
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results indicate that inhibition of the proteasome and increases in ROS by Salinosporamide A 
are independent of caspase-8 and Bid activation and mitochondrial perturbations. 

[0457] Salinosporamide A interacts with HDACi to induce synergistic apoptosis. 
It was examined whether the HDACi, MS-275 and VPA, can be combined with 
Salinosporamide A to enhance apoptosis in leukemia cells. Jurkat cells were treated with 
increasing doses of MS-275 (1 - 5 |jM) or VPA (1-5 mM) and low doses of 
Salinosporamide A (10 nM or 5 nM) for 24 h. The combination of 2.5 nM or 5 |j,M MS-275 
and 10 nM Salinosporamide A significantly increases DNA fragmentation (p < 0.05) when 
compared to cells exposed to a single agent (Figure 6A). Furthermore, cells treated with 10 
nM Salinosporamide A and MS-275 had a higher percent increase in the subdipioid 
population (Figure 6C, p < 0.05) and displayed greater synergism (CI = 0 27 for 2 5 IIM 
MS-275 and CI = 0.21 for 5 jjM MS-275) compared with cells treated with 10 nM 
bortezomib and MS-275 (CI = 0.48 for 2.5 |liM MS-275 and CI = 0.47 for 5 |iM MS-275). To 
explore the dependence upon caspase-8 of this observed synergy, the comparison of parental 
Jurkat cells to caspase-8 deficient counterparts was undertaken(I9.2). As predicted by the 
subdipioid data, caspase-3 activation was potentiated in parental Jurkat cells treated with the 
combination of Salinosporamide A and MS-275 (Figure 6B; p < 0.001). However, caspase-8 
deficient cells did not display additive or synergistic effects. Combined treatment of 
Salinosporamide A and MS-275 resulted in an increase of intracellular superoxide levels 
(Figure 6B inset). Exposure of Jurkat cells to low doses of VPA (1 or 2.5 mM) and 
Salinosporamide A (5 nM) also displayed significantly enhanced apoptosis (Figure 6D, p < 
0.05). As shown in Figure 6D (inset), treatment with 5 nM Salinosporamide A and 2.5 mM 
VPA resulted in a greater increase in the subdipioid population (p < 0.05) as compared with 5 
nM bortezomib and VPA. Finally, combination index values indicated synergism between 5 
nM Salinosporamide A and 2.5 mM VPA (CI = 0.70), while 5 nM bortezomib and 2.5 mM 
VPA displayed additive effects (CI = 1.06). These findings demonstrate for the first time that 
combination of HDACi, (either MS-275 or VPA), with low doses of Salinosporamide A 
results in synergistic induction of apoptosis and these effects are more potent than those seen 
when bortezomib is combined with the same agents. 
DISCUSSION 
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[0458] Recent studies have described the effects of Salinosporamide A in 
myeloma cell lines and animal models, and in primary chronic lymphocytic leukemia (CLL) 
cells. The current study discloses Salinosporamide A's effects on proteasome activity and the 
apoptotic machinery in other hematological malignancies, with a focus on ALL and AML 
model systems. In the current study, it is shown that Salinosporamide A inhibits all three 
activities associated with the 20S proteasome in leukemia cells (Figure 1) and induces 
apoptosis in a variety of leukemia cells. Cells representative of ALL, CML, AML, as well as 
mononuclear cells from a Ph+ ALL patient are sensitive to Salinosporamide A (Figure 2A 
and 5C). In vivo administration of Salinosporamide A also decreases tumor burden in 
leukemia bearing mice (Figure 2E). These data demonstrate a spectrum of activity that 
extends to numerous hematological malignancies. 

[0459] Several unique features of Salinosporamide A hint at the potential for 
efficacy in diseases where bortezomib has been less successful. Firstly, Salinosporamide A 
inhibits the 20S proteolytic activities in leukemic cells to different degrees, blocking the 
chymotrypsin-like and caspase-like activities more effectively than the trypsin-like activity 
(Figure 1 A-C). In addition, Salinosporamide A was found to be more potent than bortezomib 
in inhibiting the rate-limiting activity of the proteasome (Figure IE). It has been reported that 
proteasome activities are allosterically regulated and that inhibition of multiple sites of the 
proteasome is necessary to block significant protein degradation, Salinosporamide A's pattern 
of inhibition may impact proteasome fiinction. 

[0460] The mode of apoptosis induction by Salinosporamide A may also be 
influenced by this unique differential inhibition of proteasome activities. Caspase-8 inhibition 
appears to be critical for Salinosporamide A's cytotoxicity whereas caspase-9 inhibitors did 
not significantly protect against DNA fragmentation or caspase-3 activation (Figure 3A, D). 
Nevertheless, pro-enzyme caspase-9 disappearance is detected by western blot (Figure 3G) 
indicating activation of caspase-9 by Salinosporamide A. Since upstream caspases, caspase-8 
in this case, can cause activation of other caspases, it is likely that the disappearance of pro- 
caspase-9 is via this mechanism. These results further suggest that caspase-8 is activating 
caspase-9 since experiments using caspase-8 inhibitors, or ALL cell lines lacking caspase-8m 
or FADD showed diminished mitochondrial perturbations, caspase-3 activity, and DNA 
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fragmentation (Figures 3A, 3D and 4B, 4D). These results place caspase-8 at the apex of the 
apoptotic cascade triggered by Salinosporamide A (Figure 7). Use of lymphocyte models 
with total caspase-8 and FADD deficiency, extends and confirms data from multiple 
myeloma cell lines transfected with dominant- negative caspase-8, caspase-9 or FADD 
constructs. Furthermore, these studies show Bid cleavage and mitochondrial perturbations by 
Salinosporamide A in wildtype Jurkat cells, whereas caspase-8 and FADD deficient Jurkat 
cells do not undergo mitochondrial potential drops (Figure 4D). These results link 
Salinosporamide A to caspase-8: causing cleavage of Bid, loss of mitochondrial membrane 
potential, cytochrome c release, caspase-9 activation, caspase-3 activation and DNA 
fragmentation (Figure 7). 

[0461] The antioxidant, NAC, conferred protection against Salinosporamide A 
induced caspase-3 activity and apoptosis (Figure 5A, 5B). Furthermore, increased peroxide 
and superoxide levels are detectable after exposure to Salinosporamide A (Figure 3H). Since 
caspase-8 activation proceeds in the presence of NAC (Figure 5E), and caspase-8 inhibitors 
do not affect Salinosporamide A's ability to raise intracellular superoxide levels (Figure 5F), 
these data place ROS alterations in a parallel pathway. Consistent with this model, NAC does 
not alter proteasome activity (Figure 5D). Several structurally dissimilar proteasome 
inhibitors are reported to cause elevated levels of intracellular superoxide and intracellular 
peroxides. The source of this oxidant production is of interest since inhibition of ROS by 
NAC prevents cytotoxicity in numerous models. 

[0462] These results show for the first time that HDACi and low-doses of novel 
proteasome inhibitor, Salinosporamide A, synergistically induce apoptosis in leukemic cells. 
Synergistic interactions in leukemia cells exposed to low doses of Salinosporamide A and 
MS-275 or WA (Figure 6) were observed. Whereas in cells treated with bortezomib and 
HOACi, less synergistic and additive effects were observed with MS-275 and VPA, 
respectively (Figure 6C and 6D inset). The mechanism by which Salinosporamide A 
synergizes with HDACi still remains to be resolved. However, HDACi have been shown to 
raise intracellular ROS levels and these results indicate that the combination of 
Salinosporamide A and MS-275 cause a further increase in superoxide than seen with either 
agent alone (Figure 6B inset). Thus it is conceivable that this greater oxidative challenge may 



-136- 



wo 2008/124699 



PCT/US2008/059592 



contribute to the synergistic effects. These results also implicate caspase-8 in the synergistic 
apoptosis induced by Salinosporamide A and MS-275 (Figure 6B). This data reveals the 
potential of administering Salinosporamide A at low doses (nontoxic) with HDACi, such as 
vorinostat (suberoylanilide hydroxamic acid (SAHA) or Zolinza®), for clinical benefit. 

[0463] Taken together, this data suggests that Salinosporamide A is a potent 
proteasome inhibitor with potential therapeutic value in several hematologic malignancies, 
such as refractory solid tumors and lymphoma. 

EXAMPLE 36 

SYNERGISTIC ACTTVITY WITH fflSTONE DEACETYLASE DNHIBrrORS 
[0464] For the experiments using Salinosporamide A CNPI-0052) and HDAC 
inhibitor combinations, synergism was determined using isobologram analysis based on the 
method by Chou and Talalay (Adv Enzyme Regul 1984, 22; pages 27-55). A combination 
index (CI) value higher than 1.0 indicates synergism and a CI from 0.1-0.3 indicates strong 
synergism. A CI of 1.0 indicates additive effects and a CI of >1.0 antagonism. 

[0465] Salinosporamide A, and histone deacetylase inhibitors (HDACi) 
synergistically induce apoptosis in leukemia cell lines in a caspase-8 and oxidant dependent 
manner. Furthermore, these lethal effects with Salinosporamide A and HDACi were more 
potent than those obtained when HDACi were combined with the reversible proteasome 
inhibitor, bortezomib (Velcade). To determine the mechanisms by which Salinosporamide A 
and HDACi may be synergizing, inhibition of proteasome activity and histone acetylation 
was examined, the proximal targets of these compounds. Increased acetylation of histone-3 
was detected by western blot in Jurkat (T-cell ALL) cells treated with both Salinosporamide 
A and MS-275 compared to cells exposed to either single agent Interestingly, these results 
indicate that the proteasome inhibitor is also eliciting classical chromatin associated 
epigenetic alterations. In addition, real-time PCR revealed that three structurally different 
HDACi, MS-275, SAHA (Zolinza/vorinostat) and valproic acid (VP A), decreased expression 
of the proteasomal P5 subunit, which contains the rate limiting activity of the proteasome: the 
chymotrypsin-like (CT-L) activity. This reduction of P5 expression affected proteasome 
function since we detect a decrease in CT-L activity after 12 h with 5 MS-275 compared 
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to cells treated with diluent (P<.01), Further inhibition of CT-L activity was achieved with 
the combination of 5 ]iM MS-275 and 0.5 nM Salinosporamide A compared to either 
treatment alone (P<.005). This effect was reversed by N-acetyl-cysteine (NAC), an 
antioxidant Ex vivo combination treatment of mononuclear cells from an AML patient with 
5 nM Salinosporamide A and HDACi, MS-275 (1-5 nM) or vorinostat (suberoylanilide 
hydroxamic acid (SAHA)) (100-500 nM), resulted in an increase of the subdiploid 
population. Analysis of a range of doses using the Chou and Talalay method determined 
Salinosporamide A and HDACi treatment displayed greater synergism (CI = 0.241 for 5 |jM 
MS-275 and CI = 0.248 for 500 nM vorinostat (suberoylanilide hydroxamic acid (SAHA))) 
compared to bortezomib (CI = 0.401 for 5 |aM MS-275 and CI = 0.701 for 500 nM vorinostat 
(suberoylanilide hydroxamic acid (SAHA))). These data, together with the effects of HDACi 
on P5 subunit expression and proteasome activity, and Salinosporamide A on acetylation 
reinforces the potential clinical utility of combining these two compounds. Overall, our 
results suggest that overlapping activities by Salinosporamide A and MS-275 are 
contributing, along with caspase-8 activation and oxidative stress, to their synergistic 
cytotoxic effects in leukemia cells. 

EXAMPLE 37 

EFFECT OF SALINOSPORAMIDE A IN COMBINATION WITH HDAC INHIBITORS 
ON HEMATOLOGIC MALIGNANCIES 
[0466] Salinosporamide A interacts with HDACi (MS-275) to induce synergistic 
apoptosis. It was examined whether the HDACi, MS-275, can be combined with 
Salinosporamide A to enhance apoptosis in acute myeloid leukemia (AML) cells. The effect 
of Salinosporamide A in combination with MS-275 was compared to the effect of Velcade in 
combination with MS-275. The combination of Salinosporamide A with MS-275 had a 
greater synergistic effect compared to bortezomib (Velcade) with MS-275 (Figure 8). These 
findings demonstrate that combination of HDACi, (MS-275), with low doses of 
Salinosporamide A results in synergistic induction of apoptosis and these effects are more 
potent than those seen when bortezomib is combined with the same agents(Figure 8). 
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[0467] Salinosporamide A enhances the activity of vorinostat (SAHA) in 
Hodgkin's Lymphoma cell lines. Human Reed- Sternberg cell lymphoma (HD-LM2) were 
incubated with SAHA (1 ^M), Salinosporamide A (10 nM) and a combination of SAHA (1 
|iM) and Salinosporamide A (10 nM). HD-LM2 cell viability was analyzed at 24 hours and 
48 hours (Figure 9). The combination of SAHA and Salinosporamide A showed stastical 
significance at both 24 hours and 48 hours. Similar synergistic results were obtained with 
Hodgkin's L428 (figure lOA) and KM-H2 (Figure lOB) cell lines. 

[0468] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (RPMI 8226 MM cells) was examined (Figure 11). The effect of 
combinations of Salinosporamide A (14 nm) with MS-275 (0.5 joM, 2 |jM and 3 |aM) were 
found to induce synergism. Additionally, the effect of combination of Salinosporamide A 
(18 nM) with MS-275 (1 piM) and Salinosporamide A (16 nM) with MS-275 (1.5 |aM) were 
also found to induce synergism. Results are show Table 1 below. 



Table 1 



MS-275 


Salinosporamide A 


Mixture 


CI 


Dose (mM) 


Dose (nM) 


Effect 




0.5 


14 


0.26 


0.20 


1 


18 


0.30 


0.31 


1.5 


16 


0.34 


0.38 




14 


0.36 


0.45 


3 


14 


0.40 


0.54 



[0469] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (OPM-1 MM cells) was examined (Figure 12), The effect of combinations 
of Salinosporamide A (12 nM, 14 nM and 18 nM) with MS-275 (1.5 |aM) were found to 
induce sjmergism. Additionally, the effect of combination of Salinosporamide A (18 nm and 
20 nm) with MS-275 (2 [iM) was also found to induce synergism. The lowest dosage 
combination, Salinosporamide A (12 nM) and MS-275 (1.5 |iM), greatest synergistic effect 
(CI=0.65). The highest dosage combination, Salinosporamide A (20 nM) and MS-275 (2 
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|4M), had the lowest synergistic effect (CI=0.96). This highest dosage combination had a 
nearly additive effect. Results are show Table 2 below. 



Table 2 



MS-275 


Salinosporamide A 


Mixture Effect 


CI 


Dose ( |,iM) 


Dose (nM) 






1.5 


12 


0.53 


0.65 


1.5 


14 


0.53 


0.73 


1.5 


18 


0.54 


0.82 


2 


18 


0.54 


0.89 


2 


20 


0.54 


0.96 



[0470] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (DHL-6 MM cells) was examined (Figure 13). The effect of combinations 
of Salinosporamide A (16 nM and 18 nM) with MS-275 (0.5 |.iM, 1 |.iM, 1 .5 nM and 2 piM) 
were found to induce synergism. The lowest dosage combination (CI=0.89), 
Salinosporamide A (16 nM) and MS-275 (0.5 piM), had nearly the same synergistic effect as 
the highest dosage combination (CI=0.92), Salinosporamide A (18 nM) and MS-275 (2 |aM). 
Results are show Table 3 below. 



Table 3 



MSX- 275 
Dose (uM) 


Salinosporamide A 
Dose (nM) 


Mixture Effect 


CI 


0.5 


16 


0.62 


0.89 


1 


16 


0.66 


0.88 




16 


0.64 


0.93 


1.5 


18 


0.81 


0.90 


2 


18 


0.75 


0.92 
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[0471] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (Dox-6 MM cells) was examined (Figure 14). The effect of combinations 
of Salinosporamide A (12 nM, 14 nM, and 20 nM) with MS-275 (0.5 ^M, 1 ]xM, 1.5 jiM and 
2 i^M) were found to induce synergism. The lowest dosage of MS-275 (0.5 |iM) with the 
highest dosage of Salinosporamide A (20 nM) had the greatest synergistic effect (Cl=0.30). 
The highest dosage of MS-275 (2 ^.M) with the lower dosages of Salinosporamide A (12 nM 
and 14 nM) had lower synergistic effects (CI=0.73 and 0.79, respectiverly). Results are show 
Table 4 below. 



Table 4 



MS- 275 
Dose (i-iM) 


Salinosporamide A 
Dose (nM) 


Mixture Effect 


CI 


0.5 


20 


0.64 


0.30 


1 


20 


0.80 


0.51 


1.5 


14 


0.92 


0.65 


2 


12 


0.97 


0.73 


2 


14 


0.95 


0.79 



[0472] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (Dox-40 MM cells) was examined (Figure 15). The effect of combinations 
of Salinosporamide A (14 nM, 16 nM, and 20 nM) with MS-275 (0.5 [M, 1 [M, 1.5 nM and 
2 loM) were observed. It was found that Salinosporamide A (14 nM) with MS-275 (0.5 |aM) 
had the largest synergistic effect. At the higher dosage combinations of Salinosporamide A 
and MS-275 the effects were nearly additive (CI close to 1). Results are show Table 5 below. 
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Table 5 



MS-275 
Dose (|aM) 


Salinosporamide A 
Dose (nM) 


Mixture Effect 


CI 


0.5 


14 


0.70 


0.76 


1 


20 


0.77 


0.98 


1.5 


16 


0.78 


0.98 


1.5 


20 


0.81 


0.98 


2 


16 


0.81 


0.98 


2 


20 


0.84 


0.96 



[0473] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (LR-5 MM cells) was examined (Figure 16). The effect of combinations 
of Salinosporamide A (12 nM, 14 nM, 18 nM and 20 nM) with MS-275 (0.5 ^M, 1 piM, and 

2 |_iM) were obserx'ed. It was found that Salinosporamide A (12 nM and 14 nM) with MS- 
275 (0.5 |.iM, 1 |.iM and 2 |aM) had the largest synergistic effect. The higher dosages of 
Salinosporamide A (18 nM and 20 nM) with MS-275 (1 |.iM) had lower synergistic effects. 
The synergistic effect at the lower dosages of Salinosporamide A (12 nM and 14 nM) was 
nearly double that of the higher dosages of Salinosporamide A (18 nM and 20 nM). Results 
are show Table 6 below. 



Table 6 



MS-275 
Dose (\iM) 


Salinosporamide A 
Dose (nM) 


Mixture Effect 


CI 


0.5 


12 


0.44 


0.23 


1 


14 


0.45 


0.27 


1 


18 


0.41 


0.72 


1 


20 


0.42 


0.63 


2 


12 


0.46 


0.31 
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[0474] Antitumor activity of Salinosporamide A and MS-275 in a human 
myeloma cell line (MM.IR cells) was examined (Figure 17). The effect of combinations of 
Salinosporamide A (3 nM, 5 nM, and 7 nM) with MS-275 (0.25 jiM, 0.5 jiM, and 1 jiM) 
were observed. The effect of all combinations of Salinosporamide A with MS-275 were 
found to induce synergism. Although, the combination of Salinosporamide A (3 nMO with 
MS-275 (1 |4M) was found to be nearly additive (CI=0.91). Results are show Table 7 below. 



Table 7 



MS-275 


Salinosporamide A 


Mixture Effect 


CI 


Dose ((.iM) 


Dose (nM) 






0.25 


5 


0.66 


0.72 


0.25 


7 


0.72 


0.64 


0.50 


5 


0.77 


0.70 


1 


3 


0.82 


0.91 


1 


7 


0.85 


0.83 



EXAMPLE 38 

EFFECT OF SALINOSPORAMIDE A AND COMBINATIONS WITH HDAC 

INHIBITORS ON SOLID TUMORS 
[0475] Activity of Salinosporamide A and vorinostat on SB-2 (Figure 18A) and 
WM-266-4 (Figure 18B) melanoma cell lines was observed. The combination of 
Salinosporamide A (10 nM) with vorinostat (0.5 |jM) was compared to Salinosporamide A 
(10 nM), vorinostat (0,5 |aM) and control in the SB-2 and WM-266-4 melanoma cell lines. In 
the SB-2 melanoma cell line Salinosporamide A (10 nM) and vorinostat (0.5 |iM) had nearly 
the same activity as the control. However, when Salinosporamide A (10 nM) and vorinostat 
(0.5 ^M) were used in combination enhanced activity was observed. In the WM-266-4 
melanoma cell line Salinosporamide A (10 nM) and vorinostat (0.5 |iM) showed activity 
greater than the control. Additionally, when Salinosporamide A (10 nM) and vorinostat (0.5 
liM) were used in combination synergistic activity was observed. Activity of 
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Salinosporamide A and vorinostat on MeWo melanoma cell lines was observed (Figure 19). 
The combination of Salinosporamide A with vorinostat was compared to Salinosporamide A, 
vorinostat and control in the MeWo melanoma cell lines, the combination of 
Salinosporamide A (10 nM) with vorinostat (5 |liM) increases apoptosis in the MeWo 
melanoma cell line compared to treatment with the individual agents alone (Figure 19). 

[0476] The sensitivity of human lung carcinoma cell lines to Salinosporamide A 
is shown in Table 8. The IC50 values show that Salinosporamide A is active against a variety 
of human lung tumor types and cell lines. Salinosporamide A was tested at 5 nM to 1 |jM and 
cell growth assessed by MTS assays. 



Table 8 



Human Lung Tumor Type 


Cell Line 


IC50 ± SD (nM) 


Large Cell Carcinoma 


HI341 


10± 1 


Small Cell Carcinoma 


H196 


20 ± 1 


Large Cell Carcinoma 


H157 


30 ±2 


Squamous Cell Carcinoma 


H226 


30 ±3 


Adenocarcinoma 


H441 


50 ±6 


Adenocarcinoma 


A549 


160 ±20 


Bronchioloalveolar Carcinoma 


H322C 


280 ± 22 


Adenocarcinoma 


HCC4006 


300 ±30 



[0477] The IC50 for Salinosporamide A used alone ranges from about 10 nM 

(large cell carcinoma H1341 cell line) to about 300 nM (adenocarcinoma HCC4006 cell line). 
The lung carcinoma cell lines were treated with Salinosporamide A at doses of 5 nM to 500 
nM as single agent or in combination with vorinostat (SAHA) (2 |.tM). At the doses tested, 
the results indicate that the combination of vorinostat (SAHA) plus Salinosporamide A has 
additive effects on growth inhibition in the lung cancer cell lines tested (Figures 20 and 21). 
Additionally, isobologram analysis show the effect of combinations of vorinostat (SAHA) 
plus Salinosporamide A in various lung carcinoma cell lines: H441 (Figure 22A); A549 
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(Figure 22B); H322C (Figure 22C); HCC4006 (Figure 22D); HI 341 (Figure 22E); HI 96 
(Figure 22F); HI 57 (Figure 22G); and H226 (Figure 22 H). 

[0478] The resistence of human pancreatic carcinoma cell lines to gemcitabine is 
disclosed (Figure 23). The results indicate that human pancreatic carcinoma cell lines are 
resistant to treatment with gemcitabine alone. However, when gemcitabine (1 uM or 10 uM) 
is used at in combination with Salinosporamide A a dosage effect is observed. 

[0479] The combination of Salinosporamide A with vorinostat increases 
apoptosis in human pancreatic carcinoma cell lines (MPanc 96) compared to treatment with 
the individual agents alone (Figure 24). The results indicate that the combination of 
Salinosporamide A (20 |jM) and vorinostat (10 |jM) increased apoptosis more than the 
combination of Salinosporamide A (50 ^iM) and vorinostat (10 ^iM). hicreasing the amount 
of Salinosporamide A with vorinostat kept at a constant dosage (10 |iM) did not continue the 
trend of increasing apoptosis. 

EXAMPLE 39 

MECHANISMS OF ACTION OF SALINOSPORAMIDE A, HDAC INHIBITORS AND 
COMBINATIONS OF OF SALINOSPORAMIDE A WITH HDAC INHIBITORS 

[0480] The HDAC inhibitor MS-275 can decrease mRNA expression of 20S 
proteasome P subunits in Jurkat cells (Figure 25). The reletaive expression of 20S 
proteasome (31, P2, and P5 subunits were all decreased when treated with MS-275 (5 |.iM) for 
24 hours. The HDAC inhibitor vorinostat can decrease mRNA expression of 20S 
proteasomal pS subunit in Jurkat cells as measured at 12 hours and 18 hours (Figure 26). 
The expression of ps mRNA was analyzed by reqal time PCR were all decreased when 
treated with MS-275 (5 pM) for 24 hours. 

[0481] The HDAC inhibitor MS-275 in combination with Salinosporamide A or 
bortezomib causes Histone-3 to hyperacetylate (Figure 27). Jurkat T-cells were treated for 6 
hours with MS-275 (5 |iM), Salinosporamide A (10 nM), bortezomib (10 nM) and 
combinations of MS-275 (5 |aM) with Salinosporamide A (10 nM) or bortezomib (10 nM). It 
can be seen from the data that the combination treatments cause an increase in the acetylation 
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of Ac-H3 and H3 Additionally, the data shows that Salinosporamide A (10 nM) causes an 
increase in the acetylation of H3 relative to control. 

[0482] The combination of Salinosporamide A with vorinostat causes 
hyperacetylation of Histone-3 in jurkat cells (Figure 28). The data shows that N- 
acetyl cysteine (NAC) inhibits the hyperacetylation of Histone-3 in jurkat cells. 

[0483] Histone-3 ubiquitination is not affected by NPI-0052 or the combination 
with MS-275 (Figure 29). 

[0484] Synergistic and additive effects of vorinostat pretreatment of human Jurkat 
ALL cells followed by treatment with bortezomib has been studied (Figure 30). Additionally, 
synergistic and additive effects of simultaneous treatment with vorinostat and bortezomib has 
been studied (Figure 3 1). Synergistic and additive effects of vorinostat pretreatment followed 
by Salinosporamide A has been studied (Figure 32). Additionally, synergistic and additive 
effects of simultaneous treatment with vorinostat and Salinosporamide A has been studied 
(Figure 33). The data shows that treatment of human Jurkat ALL cells with vorinostat and 
Salinosporamide A produces a greater synergistic effect when the cells are pretreated with 
vorinostat than when simultaneously treated with vorinostat and Salinosporamide A. 

[0485] The effect of MS-275 and Salinosporamide A on superoxide levels in 
Jurkat T-cells has been studied (Figure 34). Relative to control MS-275 (5 |jM) does not 
increase superoxide levels based on mean fluorescence. Salinosporamide A (10 nM) does 
increase superoxide levels based on mean fluorescence. The combination of MS-275 (5 ^M) 
and Salinosporamide A (10 nM) provides a synergistic increase in superoxide levels based on 
mean fluorescence. 

[0486] The effect of MS-275 and Salinosporamide A on superoxide levels in 
Caspase-8 deficient cells has been studied (Figure 35). Relative to control MS-275 (5 |aM) 
does not increase superoxide levels substantially based on mean fluorescence. 
Salinosporamide A (10 nM) does increase superoxide levels based on mean fluorescence. 
The combination of MS-275 (5 |jM) and Salinosporamide A (10 nM) provides a synergistic 
increase in superoxide levels based on mean fluorescence. 

[0487] The HDAC inhibitor vorinostat in combination with Salinosporamide A or 
bortezomib causes formation of reactive oxygen species (ROS) (Figure 36). When N- 
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acetylcysteine (NAC) is included in the combinations the amount of ROS decrease as 
measured by mean fluorescence. N-acetylcysteine (NAC) decreases formation of ROS when 
combined with vorinostat and Salinosporamide A but not vorinostat and bortezomib (Figure 
37). 

[0488] Caspase-8 Activation is required for synergistic apoptosis by 
Salinosporamide A and vorinostat in ALL Cells (Figure 38). The results show that the 
combination of vorinostat and Salinosporamide A does not induce apoptosis in cells that are 
caspase-8 deficient as strongly as cells that are not caspase-8 deficient. 

[0489] Regulation of NF-kB Activity in vitro by vorinostat and Salinosporamide 
A combinations (Figure 39). Regulation of NF-kB in human pancreatic carcinoma cells by 
Salinosporamide A and vorinostat (Figure 40) 

EXAMPLE 40 

ACTIVITY OF SALINOSPORAMIDE A AND VORINOSTAT COMBINATIONS IN A 
DRUG RESISTANT ORTHOTOPIC PANCREATIC CARCINOMA TUMOR MODEL 

[0490] The combination of Salinosporamide A and vorinostat exhibit enhanced 
activity in an orthotopic pancreatic tumor model (Figure 41). mPANC-96 is a drug-resistant 
mesenchymal pancreatic tumor. Luciferase-transduced mPANC-96 cells were used to 
generate orthotopic tumors in nude mice. The tumor volumes were monitored by 

bioluminescence imaging after injection of luciferin. Salinosporamide A was administered 
IP at 0.15 mg/kg weekly. Vorinostat was administered IP 5 days/week at 50 mg/kg. Tumor 
measurements were made after 3 weeks of therapy. The combination of Salinosporamide A 
(0.15 mg/kg weekly) and Vorinostat (5 days/week at 50 mg/kg) showed enhanced reduction 
in tumor volume compared to control. 

[0491] The examples described above are set forth solely to assist in the 
understanding of the embodiments. Thus, those skilled in the art will appreciate that the 
methods may provide derivatives of compounds. 

[0492] One skilled in the art would readily appreciate that the present invention is 
well adapted to carry out the objects and obtain the ends and advantages mentioned, as well 
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as those inherent therein. The methods and procedures described herein are presently 
representative of preferred embodiments and are exemplary and are not intended as 
limitations on the scope of the invention. Changes therein and other uses will occur to those 
skilled in the art which are encompassed within the spirit of the invention. 

[0493] It will be readily apparent to one skilled in the art that varying 
substitutions and modifications can be made to the embodiments disclosed herein without 
departing from the scope and spirit of the invention. 

[0494] All patents and publications mentioned in the specification are indicative 
of the levels of those skilled in the art to which the invention pertains. All patents and 
publications are herein incorporated by reference to the same extent as if each individual 
publication was specifically and individually indicated to be incorporated by reference. 

[0495] The invention illustratively described herein suitably can be practiced in 
the absence of any element or elements, limitation or limitations which is not specifically 
disclosed herein. The terms and expressions which have been employed are used as terms of 
description and not of limitation, and there is no intention that in the use of such terms and 
expressions indicates the exclusion of equivalents of the features shown and described or 
portions thereof It is recognized that various modifications are possible within the scope of 
the invention. Thus, it should be understood that although the present invention has been 
specifically disclosed by preferred embodiments and optional features, modification and 
variation of the concepts herein disclosed can be resorted to by those skilled in the art, and 
that such modifications and variations are considered to be falling within the scope of the 
embodiments of the invention. 
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WHAT IS CLAIMED TS: 

1. A method of treating cancer comprising administering to an animal a 
compound having the structure of any one of Formulas I and II, or a pharmaceutically 
acceptable salt or pro-drug thereof: 




Formula I and Formula II 

in combination with a histone deacetylase inhibitor (HDACi); 
wherein: 

the dashed lines represent a single or a double bond; 

each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally 
substituted: C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, 
cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, amino, 
aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, arylthio, 
oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl; 

n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

m is 1 or 2, where if m is 2, then each R4 can be the same or different, 

R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 
alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
phenyl, cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide. 
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sulfone, sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl; 

R3 is a halogen or selected from the group consisting of optionally substituted 
C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyl oxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, 
carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl; 

each of El, E3, E4 and E5 is an optionally substituted heteroatom; 

E2 is an optionally substituted heteroatom or -CH2- group; and 

each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, or 
selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 
alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, 
sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl. 

2. The method of Claim 1, wherein the cancer is selected from the group 
consisting of breast cancer, sarcoma, leukemia, uretal cancer, bladder cancer, colon cancer, 
rectal cancer, stomach cancer, lung cancer, lymphoma, liver cancer, kidney cancer, endocrine 
cancer, skin cancer, melanoma, angioma, brain cancer and central nervous system (CNS) 

cancer. 

3 The method of any one of the preceding claims, wherein the compound is 
Salinosporamide A; 



-150- 



wo 2008/124699 



PCT/US2008/059592 




CI 

Salinosporamide A 



4. The method of any one of the preceding claims, wherein the HDACi and the 
compound having the structure of any one of Formulas I and n work in a synergistic manner 
to treat cancer. 

5. The method of any one of the preceding claims, wherein the HDACi is 
selected from the group consisting of 



O 




(pyridin-3 -yl)methyl 4-(2-aminophenylcarbamoyl)benzyl carbamate. 




APHA compound 8, 
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O 




..OH 



vorinostat (suberoylanilide hydroxamic acid (SAHA)). 



6. The method of Claim 5, wherein the HDACi is (pyridin-3-yl)methyl 4-(2- 
aminophenylcarbamoyl)benzylcarbamate (MS-275). 

7. The method of Claim 5, wherein the fTOACi is valproic acid. 

8. The method of Claim 5, wherein the HDACi is vorinostat. 

9. The method of any one of the preceding claims, wherein the cancer is 
leukemia. 

10. The method of any one of claims 1-8, wherein the cancer is lymphoma. 

11. The method of any one of the preceding claims, wherein the cancer comprises 
a tumor. 

12. The method of Claim 1 1, wherein the tumor is a refractory solid tumor. 

13. The method of any one of the preceding claims, further comprising co- 
administering a chemotherapeutic agent. 

14. The method of any one of the preceding claims, wherein the animal is a 

human. 

15. A pharmaceutical composition comprising a histone deacetylase inhibitor 
(HDACi) and a compound of any one of Formulas I and 11: 




Formula 



and 



Formula II 



wherein: 



the dashed lines represent a single or a double bond; 
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each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally 
substituted: C]-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, 
cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, amino, 
aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, arylthio, 
oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl; 

n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 
alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
phenyl, cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, 
sulfone, sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl; 

R3 is a halogen or selected from the group consisting of optionally substituted 
C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, 
carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl; 

each of El, E3, E4 and E5 is an optionally substituted heteroatom; 

E2 is an optionally substituted heteroatom or -CH2- group; and 

each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, or 
selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 
alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl. 
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alkoxycarbonylacyl, amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, 
sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl. 

1 6. The composition of Claim 1 5, wherein the compound is Salinosporamide A. 

17. The composition of Claim 15 or 16, wherein the HDACi is selected from the 
group consisting of (pyridin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate (MS- 
275), APHA compound 8, Apicidin, (-)-Depudecin, sodium butyrate, scriptaid, sirtinol, 
trichostatin A, valproic acid and vorinostat. 

18. The composition of Claim 17, wherein the HDACi is (pyridin-3-yl)methyl 4- 
(2-aminophenylcarbamoyl)benzylcarbamate (MS-275). 

19. The composition of Claim 17, wherein the HDACi is valproic acid. 

20. The composition of Claim 17, wherein the HDACi is vorinostat 

21. A method of inhibiting the growth of a cancer cell comprising contacting the 
cell with a HDACi and a compound having the structure of any one of Formulas I and 11: 




Formula I and Formula II 

wherein: 

the dashed lines represent a single or a double bond; 

each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally 
substituted: C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, 
cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, amino, 
aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacyl, alkylthio, arylthio, 



-156- 



wo 2008/124699 



PCT/US2008/059592 



oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl; 

n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

m is 1 or 2, where if m is 2, then each R4 can be the same or different; 

R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 
alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
phenyl, cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, 
sulfone, sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alk>'l; 

R3 is a halogen or selected from the group consisting of optionally substituted 
C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, 
carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl; 

each of Ei, E3, E4 and Es is an optionally substituted heteroatom; 

El is an optionally substituted heteroatom or -CH2- group; and 

each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, or 
selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 
alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, 
alkoxycarbonylacyl, amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, 
sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl. 

22. The method of Claim 21, wherein the compound is Salinosporamide A. 
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23. The method of Claim 21 or 22, wherein the wherein the fTOACi is selected the 
group consisting of (pyridin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate (MS- 
275), APHA compound 8, apicidin, (-)-Depudecin, sodium butyrate, scriptaid, sirtinol, 
trichostatin A, valproic acid and vorinostat. 

24. The method of Claim 23, wherein the HDACi is (pyridin-3-yl)methyl 4-(2- 
aminophenylcarbamoyl)benzylcarbamate (MS-275). 

25. The method of Claim 23, wherein the HDACi is valproic acid. 

26. The method of Claim 23, wherein the HDACi is vorinostat. 

27. A method of inducing apoptosis of a cancer cell comprising contacting the cell 
with a HDACi and a compound having the structure of any one of Formulas I and H: 




Formula I and Formula II 

wherein: 

the dashed lines represent a single or a double bond; 

each Ri is separately a hydrogen, a halogen, a cyano, a nitro, an azido, a 
hydroxy, or a thiocyano, or selected from the group consisting of optionally 

substituted: C1-C24 alkyi, C2-C24 alkenyl, C2-C24 alkynjd, acyl, acyloxy, 
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, 
cycloalkoxy, aryl, heteroaryl, arylalkoxycarbonyl, alkoxycarbonylacyl, amino, 
aminocarbonyl, aminocarbonyloxy, phenyl, cycloalkylacj^l, alkylthio, arylthio, 
oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, boronic acids and 
esters, and halogenated alkyl including polyhalogenated alkyl; 

n is 1 or 2, where if n is 2, then each Ri can be the same or different; 

m is 1 or 2, where if m is 2, then each R4 can be the same or different; 
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R2 is a hydrogen, a halogen, a cyano, a nitro, an azido, a hydroxy, or a 
thiocyano, or selected from the group consisting of optionally substituted: C1-C24 
alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
phenyl, cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, 
sulfone, sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl; 

R3 is a halogen or selected from the group consisting of optionally substituted 
C1-C24 alkyl, C2-C24 alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, 
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, 
arylalkoxycarbonyl, alkoxycarbonylacyl, amino, aminocarbonyl, aminocarbonyloxy, 
nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, aiylthio, oxysulfonyl, 
carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl; 

each of El, E3, E4 and E5 is an optionally substituted heteroatom; 

El is an optionally substituted heteroatom or -CH2- group; and 

each R4 is separately a halogen, a cyano, a nitro, an azido, or a thiocyano, or 
selected from the group consisting of optionally substituted C1-C24 alkyl, C2-C24 
alkenyl, C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, 
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, aiyl alkoxy carbonyl, 
alkoxycarbonylacyl, amino, hydroxy, aminocarbonyl, aminocarbonyloxy, phenyl, 
cycloalkylacyl, alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfone, 
sulfonate esters, boronic acids and esters, and halogenated alkyl including 
polyhalogenated alkyl. 

28. The method of Claim 27, wherein the compound is Salinosporamide A. 

29. The method of Claim 27 or 28, wherein the HDACi is selected the group 
consisting of (p5mdin-3-yl)methyl 4-(2-aminophenylcarbamoyl)benzylcarbamate (MS-275), 
APHA compound 8, Apicidin, (-)-Depudecin, sodium butyrate, scriptaid, sirtinol, 
trichostatin A, valproic acid and vorinostat. 
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30. The method of Claim 29, wherein the HDACi is (pyridin-3-yl)methyl 4-(2- 
aminophenylcarbamoyl)benzylcarbamate (MS-275). 

3 1 . The method of Claim 29, wherein the HDACi is valproic acid. 

32. The method of Claim 29, wherein the HDACi is vorinostat. 
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